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Chapter 1 
History of the Treatment of Ureteral Calculi 


Sutchin R. Patel and Michael E. Moran 


Ureteral Stones: A Brief History 


Ureteral calculi have been reported prior to the modern era of surgical intervention, 
but literally nothing could be done for them. There is almost no literature on their 
incidence or their treatments since there was little that could be done. Three titanic 
innovations in medicine were necessary for these stones to be able to be treated in the 
modern era: anesthesia, antiseptic and aseptic surgery and the near synchronous dis- 
covery of X-rays. With both a diagnosis and an effective therapeutic alternative in 
place the stage would now be set for the rapid development of less invasive methods 
for treatment based upon the foundation stones of modern urology- the cystoscope [1]. 
One well known historical vignette is in order to begin this chapter. Samuel 
Pepys, perhaps best known for his bladder stone and surgical intervention, recorded, 
"I remember not my life without the pain of the stone in the kidneys (even to the 
making of bloody water upon any extraordinary motion) until I was about twenty 
years of age" [2]. He would later become a student at Trinity Hall, Cambridge, 
where he passed a ureteral calculus in the summer of 1653. He described the classic 
symptoms of ureteral colic which he believed was brought about by a long walk. Mr. 
Thomas Hollier of St. Thomas Hospital finally cut on Pepys for this stone on March 
26, 1658 and this left a lifetime impression on him [3]. Nothing could be done for 
stones in the upper tracts until some of the most significant advances in medicine 
and surgery could be developed and even then there were lessons to be learned. 
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Antiseptic to Aseptic Surgery 


As the medical side of stone disease advanced at the dawn of the twentieth century, 
so too did surgical intervention. Spurred on by some of the greatest developments in 
the history of medicine itself, some believed that the late nineteenth and early twen- 
tieth centuries marked the high-point of surgical science. Let's begin with the founder 
of aseptic surgery, Baron Joseph Lister (1827—1912). Lister was born on April 5, 
1827 to a well off Quaker family and his father was the famous Joseph Jackson Lister 
who invented the compound microscope and achromatic lenses that aided another 
brilliant Quaker physician, Thomas Hodgkin's work in pathology [4]. He attended 
the University of London and graduated with honors as Bachelor of Medicine and 
entered the Royal College of Surgeons at age 26. He moved to the University of 
Edinburgh to work with James Syme and eventually married Syme's eldest daughter 
Agnes who became his chief research assistant. He moved to the University of 
Glasgow as professor of surgery [5]. He had read Louis Pasteur's work on microbes 
and investigated the use of carbolic acid to reduce the infection rates of wounds. As 
a young surgeon he was distressed by his high rate of post operative infections. 
“Hospitalism” had been coined to describe the widespread belief that being in an 
institution often was associated with bad outcomes [6]. In August, 1865 he applied 
carbolic acid soaked dressings to a compound fracture on an 11 year old boy who 
survived and his leg healed without needing an amputation [7]. *But when it had 
been shown by the researches of Pasteur that the septic property of the atmosphere 
depended, not on the oxygen or any gaseous constituent, but on minute organisms 
suspended in it, which owed their energy to their vitality, it occurred to me that 
decomposition in the injured part might be avoided without excluding the air, by 
applying as a dressing some material capable of destroying the life of the floating 
particle" [7]. Lister treated 11 patients with compound fractures during this period 
and nine recovered [8]. He began to become bolder and started to treat all of his 
postoperative wounds with antiseptics. He treated bladder stones with suprapubic 
cystotomy and drained a perinephric psoas abscess all using his aseptic methods. In 
August 1867 at the Dublin meeting of the British Medical Association he announced 
that during the last 9 months “his wards- previously amongst the unhealthiest in the 
whole surgical division of the Glasgow Royal Infirmary- had been entirely free from 
hospital sepsis.’ He published a series of five articles in The Lancet from March 
through July of 1867 and was asked to return to Edinburgh in 1869 to take his friend 
and mentor's place [9]. Anecdotally, it is interesting that Lister, while still a student 
in London, was present in December 1846 when Robert Liston, a renowned surgeon 
for his speed, performed the first major surgery in Britain under ether anesthesia [5]. 

At about 8:15 am on October 16, 1846 William Thomas Green Morton, an 
American dentist arrived 15 min late for destiny. He had been hurriedly trying to col- 
lect his new glass inhaler from a local glassmaker. The surgeon, Dr. John Collins 
Warren, was waiting with thinly veiled pessimism for Morton to demonstrate inhala- 
tional anesthesia on his patient, Mr. Edward Gilbert, who had a neck tumor at the 
Bullfinch Building of the Massachusetts General Hospital. It was recorded that Warren 
had exclaimed, “Dr. Morton has failed to appear and I presume he is otherwise 


1 History of the Treatment of Ureteral Calculi 3 


engaged" [10]. Morton arrived just in time and Dr. Warren noted, “Well sir, your 
patient is ready.” With this Morton applied his mouthpiece to Mr. Gilbert and in about 
3 min, first replied to Warren, “Your patient is ready, Doctor.’ After completing the 
operation, Warren said to the watching crowd, “Gentlemen, this is no humbug!” [10] 
When Morton died at the age of 48 in 1868, Dr. Jacob Bigelow wrote his epitaph, 
“William T.G. Morton, inventor and revealer of anesthetic inhalation, by whom pain 
in surgery was averted and annulled, before whom in all time surgery was agony, 
since whom science has control of pain” [10]. Anesthesia was heralded as the “great- 
est gift ever made to suffering humanity" by the tabloids but it engendered a raging 
controversy regarding precedence. “The extraordinary controversy which has raged, 
and which re-rages every few years, on the question as to whom the world is indebted 
for the introduction of anesthesia, illustrates the absence of true historical perspective 
and a failure to realize just what priority means in the case of great discovery" [11]. 
After Liston's first case, the People's Journal of London declared, “Oh, what delight 
for every feeling heart to find the new year ushered in with the announcement of this 
noble discovery of the power to still these sense of pain, and veil the eye and memory 
from all the horrors of an operation... WE HAVE CONQUERED PAIN" [10]. Other 
agents quickly followed: chloroform (1847, Sir Ivan Magill intubated the trachea), 
cyclopropane gas and sodium pentothal (Ralph Milton Waters of Madison, WI) was 
the next major advance, no longer did the patient need to even be aware of the “gas 
mask" covering his or her face [12]. The alleviation of the pain of surgery, allowed 
Lister to develop a safer approach to large bladder stones and removal of foreign bod- 
ies [13]. W.E. Henley penned in 1870 after having an amputation performed by Lister: 
Behold me waiting- waiting for the knife. 
A little while, and at a leap I storm 


The thick, sweet mystery of chloroform, 
The drunken dark, little death-in-life. [14] 


Or perhaps more skeptically, George Bernard Shaw speculated, “Chloroform has 
done a lot of mischief. It's enabled every fool to be a surgeon" [15]. In one stroke, 
the necessity of speed over method had been eliminated. 

Let us look to the hallowed halls of Johns Hopkins Hospital and more precisely 
as to why H. L. Menken would rate William Stewart Halsted so highly in this star 
studded cast. Lister's methods took more of a circuitous pathway to success than did 
anesthesia. Though there were many ardent supporters, there were also detractors, 
but a small group of young New York surgeons carefully began to adopt the aseptic 
technique in the United States and one of them was William Stewart Halsted (1852— 
1922). Halsted began to experiment on the novel local anesthetic agent, cocaine 
(first used by Freud) and he and his young colleagues all became addicted to this 
narcotic. Halsted's life changed profoundly as he went from an outgoing, charis- 
matic young surgeon and outstanding instructor to a gruff, taciturn, isolated perfec- 
tionist [16]. Throughout this period he continued his brilliant researches in surgery 
and surgical techniques and he was supported by Osler and Welch [17]. His proté- 
gés literally changed the face of surgery; Harvey Cushing became the father of 
neurosurgery and Hugh Young the father of American Urology. Surgical training in 
the United States developed the scientific flavor of the German model, Billroth and 
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Kocher were two great friends of Halsted's other than his faithful dachshunds, Nip 
and Tuck [16]. Halsted literally transformed our image of the modern surgical arena. 
He introduced surgical gowns that were boiled and sterilized. Special caps were 
worn to keep bacteria from falling on the surgical field. He next introduced the ster- 
ile, but reusable surgical rubber gloves that historically are linked to his scrub nurse, 
Miss Hampton who later became Mrs. Halsted [17]. The picture of modern surgery 
was almost complete with only the masks missing [18]. Ureteral stone surgery was 
about to undergo a modern surgical epiphany. 


Uroradiography 


William Conrad Róntgen (1845-1923) was born on March 27, 1845 in Lennep, a 
small town on the Lower Rhine. He trained in the Netherlands but attended the 
University of Utrecht to study physics. He married Anna Bertha Ludwig of Zürich 
in 1872; they never had children of their own, but adopted a daughter of his broth- 
er's named Josephine [19]. His first published work concerned the specific heat of 
gasses, and he was also interested in the thermal conductivity of crystals. In 1895 he 
was studying the phenomena accompanying the passage of an electric current 
through gases of low pressure. He was following leads by many others, including 
Thomas Edison and Heinrich Hertz. He utilized a tube modified from Sir William 
Crookes that was initially described by Ruhmkorff. On the evening of November 8, 
1895 he discovered that the tubes emitted another type of ray that passed through 
coatings. In fact he immobilized his wife's hand over a photographic plate and sub- 
sequently after developing the photograph noted his wife's bones of the hand with 
the ring she was wearing as a shadow image. He proceeded to perform subsequent 
experiments prior to publishing and presenting his findings on December 28, 1895. 
His paper was rapidly translated into many languages and Die Presse, a Vienna 
newspaper heralded the breakthrough on its front page of the Sunday edition; “A 
sensational discovery of Professor ‘Routgen’ of Wurzburg has stirred the imagina- 
tion of leading scientists" [20]. 

Róntgen did more than sit on his idea, however. He proceeded to make a series of 
photographic X-ray impressions and sent them with a copy of his paper to other 
physicists who he knew were interested in this work. On January 1, 1896 Róntgen 
wrote to several of his colleagues and enclosed in some cases, at least eight images 
or examples of the very first radiographs each marked with the stamp “Physik 
Institut der Univeritüt Würzburg.” He included the first of his three papers on X-rays. 
Róntgen's own attitude on his own work was one of caution. Sir Arthur Schuster a 
professor of physics at the Manchester University was one of the first English per- 
sons to receive this envelope. He noted “I opened a flat envelope containing photo- 
graphs, which without accompanying explanation, were unintelligible. Among them 
was one showing the outlines of a hand, with its bones clearly marked inside. I 
looked for a letter which might give the name of the sender and explain the photo- 
graphs. There was none, but inside an insignificant wrapper I found a thin pamphlet 
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entitled “Uber eine neue Art von Strahlen" by W C Röntgen.” Soon Shuster would 
complain that “my laboratory was inundated by medical men bringing patients, who 
were suspected of having needles in various parts of their bodies and during one 
week I had to give the best part of three mornings locating a needle in the foot of a 
ballet dancer.’ The firestorm had started and several textbooks on X-rays were rap- 
idly published [21]. 

John MacIntyre in Edinburgh published his historical paper of the first clinical 
use of the new X-rays in a patient with stone disease on July 11, 1896 [22]. MacIntyre 
began, “During the past four months I have, at the request of several physicians and 
surgeons, tried to photograph some cases in which the presence of renal calculus 
was suggested by the symptoms present.’ He reported that he at first tried to X-ray 
and photograph prepared stone specimens ex vivo. This already had been done how- 
ever, by April 21, 1896 Félix Guyon presented a radiological appearance of urinary 
and biliary stones ex vivo [23]. MacIntyre then went into the clinical details, he had 
been asked to X-ray a patient of Dr. James Adams of Glasgow who had already had 
a stone with surgery and was again symptomatic. He apparently noticed a recurrent 
stone on his X-ray photograph after 12 min of exposure time. The surgeon con- 
firmed the location and size of the recurrent calculus and a new era had dawned. 

Swain followed MacIntyre and published a case of a patient with a calcium oxa- 
late stone made by X-ray that measured 1 1/8 x 7/8 x 5/8 in. [24]. He predicted the 
rise of radiologic diagnosis in the management of stone disease. He also evaluated 
stones ex vivo and included biliary calculi. He called the ability to visualize a stone 
"irradiability" and created a table to demonstrate X-rays abilities to image a stone: 


Specific gravity Permeability to X-ray Density of shadow 
Calcium oxalate Biliary calculi Calcium oxalate 
Uric acid Uric acid Phosphates 
Phosphates Phosphates Uric acid 

Biliary calculi Calcium oxalate Biliary calculi 


One of the first textbooks on X-rays was Henry Snowden Ward's 1896 work 
entitled Practical Radiography [25]. An American textbook followed a bit later in 
the year by an electrical engineer, Edwin Hammer and a New York City physician, 
Henry Morton (X-Ray; or, Photography of the Invisible and its Value in Surgery). In 
their work, Morton and Hammer speculated rather presciently about many of the 
future applications regarding the new ray [26]. Morton would continue in the field 
and published The Archives of the Roentgen Ray beginning in July of 1897. David 
Walsh published the first medical textbook in 1897, The Róntgen Rays in Medical 
Work. He covered a large possible scope for application. Francis Williams from 
Boston published his 1902 textbook called The Roentgen Rays in Medicine and 
Surgery. Here he describes the possibility of diagnosing stone disease. In 1908 
Mihran Kassabian of Philadelphia published his Radiography, X-ray Therapeutics 
and Radium Therapy where he also mentions genito-urinary applications [23]. This 
brings us to E. Hurry Fenwick's 1908 textbook The Value of Radiography in the 
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Diagnosis and Treatment of Urinary Stone. A Study in Clinical and Operative 
Surgery [27]. “Two groups of professional workers are mainly concerned in a care- 
ful study of shadows cast by the Róntgen rays in the urinary tract- the operator and 
the radiographer. Both work independently and yet both are interdependent. The 
former cannot justly cast the responsibility of shadow deduction upon the latter, 
though he is dependent upon him for skill in shadow detection. The radiographer 
cannot be content with merely producing shadows: he must aspire to the knowledge 
of their causation, and to obtain this he must examine critically and learn from the 
work of the operator. Each must give: each take" [27]. There is no better opening 
paragraph to a new era of diagnosis than this one. Fenwick delineated the course of 
the ureters trying to limit the risks of phleboliths (calcified venous valves in the 
pelvis) which had caused false negative ureteral explorations. His book has 11 chap- 
ters and is richly illustrated by 80 x-ray plates. At this early phase of radiography, 
this textbook is amazing and clearly points out the potential for changing the way 
stone patients are diagnosed. 

A. Béclére followed the pathway set earlier by Swain and calculated the atomic 
weights of the elements that make up stones and also correlated this with the X-ray 
ability to visualize the stones [28]. He noted that of the various salts, such as carbon- 
ates, urates, and oxalates that the absorption of X-ray increases with the atomic 
weight of the salt. In order of their increasing capacity of absorption he listed the 
stones as follows: urate of ammonia, sodium urate, magnesium urate, potassium 
urate, and calcium urate. These were the greatest atomic weight salts, but he real- 
ized that the number of atoms and the molecular structure might also play a role in 
X-ray absorption. He realized that the majority of calculi that cast no shadows on 
X-rays were largely of uric acid. Calcium oxalate, phosphate stones, and calcium 
carbonate all were readily imaged. Cystine stones he noted cast a faint shadow. He 
even looked at rare xanthine and cholesterol stones and proved that they were akin 
to uric acid and were not at all imaged. He noted “The X-ray never lies; it simply 
penetrates bodies in inverse proportion to their atomic weights- it is not the X-ray 
that is at fault, it is our interpretation that is at fault" [28]. 

The urology groups at Johns Hopkins and New York Hospital followed as well. 
O.S. Lowsley noted that the most common causes for X-ray to fail in the diagnosis 
of stones are the following: [29] 


. Faulty x-ray technique 

. Motion or breathing by the patient 

. Presence of gas in the intestines 

. Overlapping the calculus over bone shadows 

. Obesity of the patient 

. Failure to make a complete cystoscopic examination with retrograde pyelogram 
. Inexpert interpretation of the plates 


— ON tA + Q LP — 


Harvey W. Cushing (1869-1939) who is considered the father of neurosurgery 
and a gifted writer, won a Pulitzer Prize for his 1926 biography of his mentor and 
idol Sir William Osler [30]. Cushing was born in 1869, the tenth child from a family 
with strong lineage of physicians and scholars. He had just completed his internship 
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at the Massachusetts General Hospital in 1895 when Röntgen discovered the X-ray. 
Cushing helped develop the early X-ray program in Boston. On February 15, 1886, 
a mere 6 weeks since Róntgen's report, Cushing wrote to his mother “Every one is 
very excited over the new photographic discovery. Professor Roentgen may have 
discovered something with his cathode rays that may revolutionize medical diagno- 
sis.” He and the house staff at MGH purchased their own X-ray machine and when 
he left Johns Hopkins it was rumored that he took the tube with him [31]. He cer- 
tainly brought his radiographic interests with him to Baltimore and he helped junior 
house staff develop the first X-ray equipment at Johns Hopkins. Let us relate the first 
X-ray examination performed at Johns Hopkins in Cushing's own words. “It was in 
the fall of 1896 that I went to Johns Hopkins and made the first roentgenograms that 
were taken there, with the aid of a decrepit and perverse static machine as big as a 
hurdy-gurdy and operated in the same way, by turning a crank. My first paper sub- 
mitted for publication contained an account of a case of a gunshot wound of the 
spine with plates showing a bullet which a Baltimorean had planted in the body of 
his wife's sixth cervical vertebrae" [32]. He apparently became the technician dur- 
ing the early years, despite his grueling schedule as a resident of William S. Halsted's 
surgical service [33]. Another Hopkins' man who also interacted closely with 
Cushing was Hugh Hampton Young. Young was given the role to develop genitouri- 
nary surgery by the Chief, William S. Halsted. Hugh Hampton Young's textbook of 
Urological Roentgenology appeared in 1928. Now radiology assumed its modern 
foundation in the diagnosis and management of stone disease [34]. 

At the Hópital Necker in Paris the department of urology was strongly interested 
in stone disease and Félix Guyon helped promote the first X-rays of stones. By, 
1897, the first four radiological laboratories had been created in Paris, and by 
Guyon's colleagues Théodore Tuffier and Janet introduced the ureteral catheters 
and X-rayed the patients. Joaquin Albarran (1860-1912) was a Cuban-born urolo- 
gist trained in Barcelona but had come to work with Guyon. He developed a whole 
host of technologies to improve the radiologic diagnosis, including the first radiolu- 
cent catheters. Albarran was the first urologist to ever be nominated for a Nobel 
Prize in 1912 but he died just prior to the election [23]. Howard Kelly worked with 
finely waxed catheters prior to radiology that would become scratched or etched 
when encountering a stone [35]. The X-ray was a vast improvement over this non- 
specific methodology. By 1914, another urologist named Pasteau developed a 
marked semi-opaque centimeter scaled ureteral catheter. Contrast materials were 
thought of, the first utilized was air, oxygen, and carbon dioxide. In 1903 Wittek 
injected air into the bladder to better X-ray and identified a bladder stone. In 1905 
Wulff and Albers-Schónberg in Hamburg injected air and bismuth into the bladder 
of a stone patient [36]. 

Then in 1906 the German urologists Voelcker, von Lichtenberg, and Czerny began 
to investigate opacification agents with a variety of compounds including bismuth, 
lithium, silver, and then thorium. By 1914, Albarran began to use their silver com- 
pound (Collargol®) to perform retrograde pyelograms [37]. Marcel Guerbet, a French 
chemist had suggested using non-toxic iodinated compounds to Albarran. A German 
compound Iodipin? from Merck Darmstadt was followed by Lipiodol?. Sodium 
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iodine was used at the Mayo Clinic in 1923 by the pharmacist Rowntree to visualize 
the bladder on a syphilitic patient. Osborne and colleagues followed with a clinical 
trial with no great success, but Graham and Cole switched to iodinated phenolphtha- 
lein in 1924 [38]. Thorotrast? was a sodium-iodine solution for intravascular X-ray 
exams but it was found to be carcinogenic. Legueu and colleagues utilized it in the 
1920s for retrograde urography. In Berlin between 1928 and 1929 the synthesis of a 
watersoluble iodinated contrast agent was undertaken by a young American urologist, 
Moses Swick who worked for Alexander von Lichtenberg. He was in Leopold 
Lichtwitz's clinic at the time and knew that Binz and Rath had synthesized a new 
benzoic acid iodinated material. He tried this new compound, Selectan Neutral? on 
rabbits and obtained intravenous pyelograms. Swick took the new material and tried 
it on humans [39]. Von Lichtenberg began the official study using Uroselectan? and 
the IVP became the mainstay for diagnosing ureterolithiasis [40]. 

The intravenous pyelogram (IVP) was the “gold standard" evaluation despite 
recent detractors favoring other methods. After the development of Uroselectan? 
Schering AG developed Uroselectan B? and then Diodone?. Bayer came out with 
Abrody? and the French developed a diiodinated molecule called Tenebryl?. By 
1930, Coliez noted that improved imaging was possible with ureteral dilation and 
Zeigler developed an abdominal compression device to aid upper tract visualization 
[41]. Von Lichtenberg summarized all of these developments in 1931 [42]. IVP 
provided accurate size, shape, location, and functional data regarding the calculus 
and the kidney. In one recent evaluation, the IVP revealed unexpected findings in 
42 96 of patients and altered the management strategy in 60 % [43]. The modern era 
was ushered into existence by the introduction of CT scanning which has proved to 
be superior for ureteral calculus imaging to all other modalities. 


From Ureterolithotomy to Stone Basketing 


Surgery was now possible and stone disease was ready to undergo an epiphany. No 
longer was colic to be suffered, endured, when surgery offered a now painless, and 
less risky method of delivering those suffering with stones. Aseptic surgery rapidly 
reduced the postoperative mortality and morbidity from wound infections. Upper 
tract disease could be diagnosed with first with finely waxed catheters as demon- 
strated by Kelly, then increasingly with X-rays, and finally with intravenous pyelo- 
grams that could now accurately determine the size and location of the stone. But 
these massively successful methods did not all come at once. Many were the patients 
following the availability of both general anesthesia and aseptic surgical technique 
that would undergo surgery for an upper tract stone, with none being found. 
Aggressive surgeons were perhaps following the dictum of George Bernard Shaw. 
In 1923, Herman Kretschmer summarized the knowledge of ureteral calculous 
disease into three distinct eras. First was the early time following X-ray introduction 
when patients were explored for presumed ureteral stones, and significant numbers 
of patients had none. Next, the era when ureteral catheters and retrograde pyelograms 
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were done in suspected ureteral stone cases, but open exploration was again neces- 
sary with significant morbidity. He now describes the current trends of cystoscopic 
retrograde techniques [1]. Howard A. Kelly catheterized the ureters in most cases that 
he suspected a ureteral stone, even with good quality X-rays. “It is our habit in cath- 
eterizing ureters in practically all cases to wax the catheter tip before its introduc- 
tion. The wax on the end of the catheter serves the purpose of a tell-tale, revealing the 
presence of any stone encountered by it in its passage up the urinary tract.” He dis- 
cusses the nuances of ureteral catheterization for stones.” The catheter must be intro- 
duced into the ureter without touching the side of the speculum. Striking the metal 
makes a flat, smooth facet which cannot be mistaken for the gouge of the calculus.” 
Once withdrawn, the waxed catheter is taken and examined in bright light with a 
magnifying lens from three to five diameters, looking for the tell tale scratches of a 
stone. Kirkendall described a method of adapting Kelly’s technique of waxed cathe- 
ter passage for catheterizing cystoscopes. He lined the outer sheath of the outer 
sheath of the cystoscope with a loose-fitting rubber tube which protects the catheter 
during passage [44]. 

Winsbury White in his 1,929 textbook Stone in the Urinary Tract devotes Chaps. 
7, 8, and 9 to the diagnosis and treatment of calculus in the ureter [45]. He notes the 
percentage of stones presenting at different levels of the ureter as follows: lumbar 
22 %, iliac 7 %, pelvic 51 %, and intra-mural 17 %. He too, did not depend solely 
upon the radiograph, he used Kelly’s method of waxed catheter method. He begins 
“There are three alternatives in dealing with a ureteric calculus: the stone may be 
left to pass by natural means, its passage may be aided by transcystoscopic mea- 
sures, or it may be removed by operation" [1]. In Young's magnum opus Young's 
Practice of Urology, Based on a Study of 12,500 cases, his table 48 in Volume II, 
displays the outcomes from their 116 cases of stone disease [46]. Ureterolithotomy 
was performed in only six patients (“3 well, 1 improved, 1 dead, 2 no reply). 
Kretschemer noted in 140 cases of ureteral stones, patients passed them spontane- 
ously in 26 % of the time [1]. He also reported that stones 5 mm or less were the 
most likely to pass. Crowell presented a series of cystoscopic management of stones 
and reports on various methods of management. He used local anesthesia of 2-5 96 
procaine and injected the anesthetic up the ureter on impacted stones, occasionally 
injecting oil to get a catheter to slide by the stone. The catheters were tied in place 
and slowly exchanged for larger sizes daily until two No. 11's and one No. 6 are all 
in together [47]. Rapid dilation of the ureter was described by Bransford Lewis 
using metal dilators and bougies but noted a danger in pushing the stone back into 
the kidney. Bugbee recorded the success of cystoscopic treatment as 326 successes 
out of 347 cases and Crowell noted 88 successes in 98 cases [48]. Contraindications 
to cystoscopic manipulation of ureteral stones were described as stone sizes above 
2 cm., impacted or encysted stones, acute infection and in cases where there is 
known disease in the bladder or prostate. Ravich reported on a personal series of 
758 cases or ureteral stones in a private series. Only 48 patients passed their stones 
spontaneously, 456 passed the stone after simpler cystoscopic manipulations, 17 
were advised to have surgery but refused, and 68 were required open surgery. His 
open surgical incidence was 11.2 % [49]. 
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John Swift Joly also waxed eloquently on the management of ureteral stones in 
his Chap. 6 of Stone and Calculous Disease of the Urinary Organs [50]. Joly pre- 
sented the incidence of bilaterality of ureteral stones to be 3 % but thought it could 
actually be higher in silent cases that present only as post mortem cases. He worried 
about small stones as well as large ones, “A large ureteric calculus simply means 
that the stone has not given rise to obstruction, and that the function of the kidney 
above it has been more or less preserved. This is only relative, as rapid growth of the 
stone indicates the presence of infection, and the kidney sooner or later succumbs to 
the infection" [51]. Joly also discussed methods that have been used historically to 
try to induce ureteral stone passage. He noted that Albarran recommended signifi- 
cant hydration. “Diuretics have been suggested including citrate of potash, diuretin, 
theocin sodium acetate, weak tea, barley water, Vittel and Contrexéville water (min- 
eral waters)" [50]. Belladonna was recommended by some, but questioned by 
Macht, and he describes the use of papaverin injected subcutaneously recommended 
by Bachrach. Oral glycerin “does not appear to have any definite action" [51]. 

Bumpus and Scholl reported on 640 cases of ureterolithotomy from the Mayo 
Clinic and had an operative mortality rate of 0.62 % [52]. They discussed the impera- 
tive of knowing at the time of exploration the exact location of the concretion for 
planning the surgical incision site. They recommended an X-ray within 1 day of the 
surgery. They recommend an extra-peritoneal approach in all cases, and once the 
stone was palpated to secure it prior to incising the ureter to prevent it slipping retro- 
grade back up the dilated ureter. Once removed they further recommended exploring 
the ureter with a bougie to insure that there are no further stones. They did not rou- 
tinely suture the ureterotomy closed stating that it difficult to suture the ureter many 
times because of the inflammation. They recommended leaving a small drainage 
tube which is placed next to the ureter in the vicinity of the incision and generally 
removed after 48 h. Closing this discussion on ureterolithotomy with some com- 
ments by Frederic E.B. Foley, the inventor of the indwelling catheter seems appropri- 
ate [53]. He began with the following comments, “In recent years, ingenious devices 
and methods have been perfected for the passage or removal of ureteral stones with- 
out resort to operation.” You can almost anticipate at this point that he is going to 
decry the newer, less invasive therapies for a careful open alternative, like the nay- 
sayers to Civiale. "There is much evidence that this attitude has carried too far and 
that the just purpose of such management is becoming subordinate to mere zeal for 
its use.” We can follow his path throughout the article, but he believes that the open 
surgery itself can be modified; making what was a major open operation, far less 
incapacitating. “Lumbar ureterotomy, as described in textbooks and as usually seen, 
is also a definitely major operation; it can and should be a relatively minor one. A 
method and technic for lumbar have been perfected and are described here that so 
minimize the operation that in this form it scarcely belongs to major surgery" [53]. 

Despite the success of ureterolithotomy, urologists continued to tinker with stone 
basketing and the development of various baskets for extraction. W.A. Council of 
the Brady Urological Institute in 1926 developed a multiple-wire cage for the 
extraction of calculi. H.L [54]. Cecil in 1926 developed the first stone crusher [55]. 
It should be noted that in this era of blind-stone basketing we have little mention of 
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the complications following stone manipulation, though it would be expected that 
many disasters did occur, including ureteral avulsion as well as sepsis given that this 
was prior to the era of antimicrobial therapy. 

A number of modifications were made to the earlier extraction instruments. In 
1929, Bransford Lewis improved upon his 1904 forceps by combining elongated 
jaws and modified scissors in his new extractor [56]. Moore in 1937 would publish 
his suggestion that ureteral dilation should precede efforts at extraction though few 
contemporary urologists would adhere to Moore’s principles at the time [57]. 

The loop catheter was the next significant advance in ureteral stone removal. 
Ellik would be credited with encouraging its use in the United States. Ellik’s nylon 
loop used for extracting ureteral calculi consisted of a thin ureteral catheter with a 
nylon thread attached to the end of the catheter [58]. Once the catheter was passed 
into the renal pelvis, the nylon string was pulled creating a loop which was used to 
snare the stone as the catheter was removed. 

In 1958, the best wire instruments came out of Italy, when Dormia fashioned a 
flexible extractor with a wire cage of significant tensile strength but flexible enough 
to cause little ureteral trauma [59]. The instrument was designed for interchange- 
able filiforms, which were first advocated by Earl Nation in 1953 [60]. The combi- 
nation of a long filiform and an atraumatic wire cage that was deployed through the 
flexible hollow stem made it the ideal extractor during this era. The methodology 
for ureteral extraction prior to the development of the ureteroscope and Mulvaney’s 
ultrasonic fragmentation of calculi and the eventual development of lasers was dila- 
tion of the ureter followed by various snaring techniques [61]. This methodology is 
still used today as ureteral dilation is occasionally required prior to ureteroscopy 
and treatment of the stone (via laser lithotripsy or stone extraction). The Dormia 
instrument would form the foundation for the nitinol tipped stone baskets of today. 


Development of Ureteroscopy 


Bozzini developed his “lichtleiter” in 1806 for viewing orifices in the human body 
[62]. Desormeaux would develop open tube endoscopy to examine the bladder in 
1867 [63]. Nitze and Leiter in 1879 would pioneer the first modern cystoscope [64]. 
Advances in optics led to better cystoscopes which when minitiarized would serve 
as the first ureteroscopes. Advances in illumination would play a significant role in 
improving the cystoscope as it evolved from indirect illumination to heated plati- 
num wires followed by the incandescent lightbulb [63, 65]. 

The first ureteroscopic procedure was performed by Hugh Hampton Young in 
1912 and reported in 1929. The procedure was performed during cystoscopy in a 
2 month old child with dilated ureters due to posterior urethral valves. Advances in 
fiberoptics led to the development of flexible ureteroscopes. Victor Marshall would 
perform the first antegrade nephroscopy and ureteroscopy using a fiberscope during 
an open exploration to visualize the pelvis and distal ureter in 1960 and would be fol- 
lowed by Takagi and Bush in using early flexible ureterosocpy in the early 1970s [66]. 
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Despite flexible ureteroscopy predating the reports of routine rigid ureteroscopy, the 
early flexible scopes were not widely accepted because of their limited working 
capabilities (no method of deflecting the tip and no working channel for irrigation). 
In 1977, rigid ureteroscopy was reported independently by Goodman and Lyon 
using an 11 Fr pediatric cystoscope [67, 68]. Due to the larger caliber scopes at the 
time, ureteral dilation often preceded rigid ureteroscopy in order to accommodate the 
scope diameter. Smaller caliber rigid ureteroscopes were made possible with the devel- 
opment of the Hopkins rod lens system in 1960 [69]. Prior to this, endoscopic instru- 
ments consisted of a hollow tube with a distal objective lens, an ocular lens and a series 
of relay lenses. Hopkins' rod lens system replaced the air spaces with glass rods which 
led to a more durable design and more efficient light and image transmission. 
Richard Wolf Medical Instruments designed the first endoscope specifically for 
ureteroscopy (13 Fr, working length of 23 cm) and its use was reported by Lyon 
et al. in 1979 in inspecting the distal ureter [70]. Perez-Castro and Martinez-Pinero 
in 1980, working with Karl Storz Endoscopy, reported the development of a longer 
ureteroscope that could reach the renal pelvis [71]. Originally, rigid ureteroscopes 
did not have a working channel for irrigation and thus they relied on forced dieresis 
to keep a clear visual field. The 1980s would lead to the development of rigid ure- 
teroscopes with working capabilities. Small baskets were used through the working 
channels of these rigid ureteroscopes for stone extraction, however as larger intra- 
ureteral stones were encountered the need for intracorporeal lithotripsy became 
apparent. By integrating fiberoptic imaging bundles and smaller working channels, 
manufacturers were able to further miniaturize the ureteroscopes. The half-moon 
image distortion, which resulted from the slight angulation/bending of the uretero- 
scope shaft was not encountered with the flexible fiberoptic imaging bundles [72]. 
The development of fiberoptic image transmission is based on the principle of 
internal reflection which was first shown by Daniel Colladon at the University of 
Geneva in 1841 [73]. The internal reflection allows for the bending of light within 
flexible glass. In 1957, Basil Hirschowitz working with a physicist, Lawrence Curtiss, 
developed the cladding process to improve fiberoptic design [74]. In this process, the 
individual fibers within the fiberoptic bundle are coated with a second layer of glass. 
The second layer creates an interface between the two glasses producing more effi- 
cient internal reflection. There was renewed interest in the development of improved 
flexible ureteroscopes when the limitations of rigid ureteroscopy became apparent. 
With the addition of active deflection, adequate working channels and smaller diam- 
eter working instruments flexible ureteroscopy became widely accepted for the treat- 
ment of ureteral stones that could not be easily reached via ureteroscopy. Improvements 
in imaging culminated with the development of the charged couple device (CCD) by 
George Smith and Willard Boyle in 1969 for electronic video recording [63]. 


Extracorporeal Shock Wave Lithotripsy 


The German aerospace firm Dornier played a pivotal role in the application of shock 
waves to stone fragmentation. Dornier engineers became interested in the pattern of 
metal fatigue that they found on their aircraft and hypothesized that they were due 
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shock waves produced by supersonic aircraft as the waves were focused inadvertently 
by parts of the plane's fuselage onto other parts of the aircraft. Dornier would show 
that shock waves could be produced using an underwater spark discharge and from 
that developed the application of shock waves to fragment human kidney stones [75]. 

The mid 1970s would lead to the research of Ferdinand Eisenberger and Christian 
Chaussy who were able to show that focused shockwaves were sufficient for stone 
fragmentation initially in dogs. At the time radiographic imaging was used and 
preferred over ultrasound to help target the stones. The successful animal research 
would lead to the first patient treated with SWL with the HM-1 (human machine-1) 
lithotriptor on February 20, 1980 [75-77]. 

The HM-1 would be followed by the HM-2 lithotriptor which was a simpler 
machine to operate as the electrode could be changed without removing the patient 
from the water bath. With the success of the HM-2, Dornier would introduce the 
first commercially produced lithotriptor, the HM-3 in 1984. The success of the 
Dornier's HM-3 lithotriptor would stimulate other methods for the generation of 
shockwaves for kidney stone lithotripsy. Besides electrohydraulic-based lithotripsy, 
shockwaves would also be generated using electromagnetic membranes, piezoelec- 
tric crystals and focused lasers [75]. An ellipsoidal reflector was used to focus elec- 
trohydraulic generated shock waves from F1 (focus of an ellipse where the spark 
gap generated the shock wave) to F2 (the location of the targeted stone). A water 
bath was used in the HM-1 and HM-2 lithotriptors to provide a delivery mechanism 
for the shock waves from their generation at the spark gap to their target. However, 
once it was discovered that sufficient shock waves could be transmitted through 
membranes with similar acoustic density, the water bath was eliminated from future 
lithotripter designs. The efficacy of most lithotriptors using a dry shock wave source 
appeared to be less that the Dornier HM-3, likely due to the energy loss as the shock 
waves passed through multiple interfaces (the membrane of the water bag/cushion). 
The improvements in fluoroscopy would be pivotal in helping target the stone and 
over time ultrasound imaging would also be incorporated into many lithotripsy 
systems. 


Intracorporeal Lithotripsy 


With the development of the ureteroscope and techniques for basketing, the devel- 
opment of methods to fragment ureteral calculi was the next important step. In 1913 
Wappler would make the observation that *when a spark is brought into contact 
with both the hard and soft species of bladder calculi, it causes them to disintegrate.” 
[78] However it wouldn't be until 1950 when Yutkin would obtain a patent for the 
application of electrohydraulic shock waves [79]. Electrohydraulic lithotripsy 
(EHL), initially used to treat bladder stones, was essentially an underwater spark 
plug and was used to produce a shock wave from the spark as well as a cavitation 
bubble. Contact of the probe with the bladder wall could lead to bladder perforation. 
With a decrease in the size of the probe and shortening of the pulse widths, the EHL 
probe could be used in the ureter and in 1978, Raney used the probe to fragment 
ureteral calculi [80]. He passed a 9 Fr probe to fragment distal ureteral stones by 
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passing the probe blindly up the ureter and was able to fragment 90 % of the stones 
attempted (however there was ureteral extravasation in about 40 % of the cases). As 
ureteroscopes and EHL probes became smaller (3 F and 1.6 F), urologists were able 
to expand the location of the stones treated in the urinary tract. However, even with 
modern techniques the EHL probe was still found to be associated with unantici- 
pated ureteral injuries [81]. 

The first investigation of ultrasound for the destruction of urinary calculi was 
undertaken by Mulvaney in 1953 [82]. The ultrasound probe works by applying 
electrical energy to a piezoceramic plate which then vibrates at a high frequency. 
The metal probe attached to the plate transmits the vibrational energy to the end of 
the probe which can cause stones to resonate at high frequencies and break. The 
ultrasound probe causes minimal damage to compliant tissue as the tissue does not 
resonate with vibrational energy. Ultrasonic probes (2.5 Fr solid or a 4.5 Fr catheter 
hollow probe) were used with the rigid ureteroscope to fragment ureteral stones and 
was found to be an effective technique for the treatment of steinstrasse and large 
(>1 cm) stones. 

The laser was developed in 1960 with ruby being the first medium used [83]. The 
term “laser” was an acronym for “light amplification by stimulated emission of radia- 
tion.” The ruby laser emitted a wavelength of 690 nm and was able to fragment uri- 
nary calculi but produced significant heat that lead to tissue damage. In 1969, 
Anderholm showed that if a solid material was interposed between the laser beam 
and tissue, there would be absorption of the light by the solid and subsequent vapor- 
ization of some of the material would cause a shock wave [81]. This shock wave 
could be used to fragment stones. Neodymium, a rare-earth element, was used to 
dope a transmitting crystalline medium and produced a wavelength of 1,064 nm. 
YAG (yttrium-aluminum-garnet) was used as the crystalline medium leading to the 
development of the Nd:YAG laser, however the high energies needed to produce 
shockwaves lead to fragmentation and shattering of the fibers at the tip of the laser. 
The Holmium: YAG laser, a 2,100 nm infrared laser was developed with the advan- 
tage that it had a tissue penetration depth of 0.5 mm so that it would only cause tissue 
damage if it was 0.5 mm or closer to tissue surface. Its long pulse width led to cavita- 
tion effects that tended to drill into stones rather than producing solely a fragmenta- 
tion effect [81]. 


The Antegrade Approach to the Ureter 


Willard Goodwin, the eminent urologist and the first Chair of the Department of 
Urology at UCLA, was the first to place a percutaneous nephrostomy tube. In 1955, 
while trying to perform a renal arteriogram, Dr. Goodwin placed a needle into the 
collecting system of a hydronephrotic kidney. He injected radiopaque contrast, thus 
performing the first antegrade nephrostogram. He then left a tube to drain the kidney, 
thereby placing the first modern day nephrostomy tube. In his paper he illustrates the 
optimal site of puncture as five fingerbreadths to the midline of the “13th rib” if it 
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were to exist [84, 85]. Dr. Goodwin's percutaneous approach would lead to the 
realization that a percutaneous tract could be used to access the kidney and this 
would open the door to the antegrade approach to treatment of ureteral stones. 

By 1976, Fernstróm and Johansson were the first to describe a technique for 
extracting renal calculi through a percutaneous nephrostomy under radiological 
control [86]. Instruments used to extract renal calculi under radiologic control 
included the Dormia basket which was placed through a selecter device used to help 
aim and manipulate the basket once it was in the renal pelvis as well as the Randall's 
forceps used under fluoroscopy for stone extraction. 


The Birth of Endourology 


In 1978, Arthur Smith, would describe the first antegrade stent placement when he 
introduced a Gibbons stent through a percutaneous nephrostomy in a patient with a 
reimplanted ureter with a urine leak to allow the urinary leak to seal [87]. Dr. Smith 
would coin the term “endourology” to describe closed, controlled manipulation of the 
genitourinary tract. Dr Smith would write that once his residents read this title, they — 
along with some of the radiologists — immediately changed it to the “end of urology" 
[88]. However, as we know today, this was far from the truth. One of his early papers 
with Drs Zuniga, Clayman and Amplatz describes a series of 63 calculi extracted from 
25 patients with a high success rate [89]. The main failures occurred in stones that could 
not be reached due to narrow infundibula or with stones embedded in swollen mucosa. 

His collaboration with Kurt Amplatz, an interventional radiologist and medical 
inventor, would lead to numerous innovations which would further advance 
endoscopic manipulation of stones as well as further develop PCNL. Many wires 
and dilators still bear Dr. Amplatz's name today [88]. Much of the equipment we 
use today in endourology and for PCNL was developed in this era. 


Take Home Points 

* Lister's antisepsis applied by Halsted to surgery combined with Morton's 
anesthetic inhalation would revolutionize the field of surgery and were the 
basis for future success in ureteral stone surgery. 

* From Roentgen's x-rays to the development of fluoroscopy, advances in 
radiology would play a pivotal role in the diagnosis and treatment of ure- 
teral stones. 

* We began accessing the ureter primarily through the bladder from wax- 
tipped catheters and blind stone basketing to directly visualized treatment 
via ureteroscopy. The development and the improvement of the cystoscope 
and its optics lead to the creation of and advancements in flexible and rigid 
ureteroscopy. 
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° The placement of the first percutaneous nephrostomy tube by Willard 
Goodwin would open the doors to the eventual antegrade approach for 
treating ureteral calculi. 

* With the discovery of extracorporeal shock wave lithotripsy we no longer 
needed direct access to the ureter in order to treat ureteral stones. 

° The innovations and technologic advancements in the treatment of ureteral 
stones and the birth of the field of endourology has allowed us to fulfill the 
Hippocratic obligation that “I will not cut for stone.” 
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Chapter 2 
Radiology Imaging for Ureteral Stones 


Abdulkadir Tepeler and Stephen Y. Nakada 


Introduction 


Imaging methods play an essential role in the diagnosis, treatment and follow-up of 
patients with urolithiasis. Precise detection of stone burden and location and delin- 
eation of the collecting system, ureteral and surrounding organs’ anatomy may 
affect the selection of the treatment modality. The selection of the proper imaging 
method should be made individually. While plain radiographic studies are not 
favored methods for radiolucent stones, more detailed studies may be required for 
patients with anatomical abnormalities. Contrast studies are not preferred for 
patients with renal failure or with an allergy to contrast material. Children and espe- 
cially pregnant patients who are more sensitive to ionizing radiation also require 
special attention. In this chapter the imaging methods used for ureteral calculi are 
summarized. 


Plain Abdominal Radiograph 


The major advantage of plain radiography of the kidney, ureters and bladder (KUB) 
is assessing whether the stone is radio-opaque or not. While most calcium containing 
stones (calcium oxalate monohydrate, calcium oxalate dihydrate, and calcium phos- 
phates) are easily visible, struvite, apatite and cystine stones are semi-opaque and 
faintly visible on KUB. The radiolucent stones (uric acid, ammonium urate, and xan- 
thine) are not seen on KUB unless they are mixed composition. Therefore, in some 
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clinics KUB is routinely used in the evaluation of patients with renal colic. While it 
is valuable in the follow-up of patients with opaque residual fragments or in the reas- 
sessment of the location of opaque ureteral calculi, it fails to detect non-opaque cal- 
culi. Because of its low sensitivity (45-58 96) and specificity (69-77 96) rates, KUB 
is not accepted as a proper imaging method for the initial diagnosis of urolithiasis 
[1, 2]. Another study presented that KUB could demonstrate stones in only 59 % of 
patients who had a diagnosis of urolithiasis with computed tomography (CT) [1]. 
Based on this proof, Kennish et al. argue that KUB should be omitted as a primary 
imaging method for ureteric colic if CT is available [2]. They recommend KUB for 
additional imaging in patients with urolithiasis diagnosed with CT. In another study 
Lamb et al. demonstrated that treatment was altered significantly in 17 % of patients 
with KUB in addition to CT due to the detection of stone radiolucency or change in 
stone size and position [3]. Besides the evaluation of stone radio-opacity, the base- 
line KUB helps to image the bony structures, phleboliths and calcified masses that 
can mimic a stone so that it can serve as a baseline image that can be compared with 
future images. 

The CT "scout" film (screening digital radiograph) is obtained during axial CT 
scan simulating KUB. Studies evaluating both imaging methods show that the stone 
visibility rate on the CT scout (17—49 %) is significantly lower than the rate of KUB 
(40-63 96, p «0.001) [4, 5]. Reduced contrast between stone and soft tissue result- 
ing from lower spatial resolution and the high kilovoltage settings of CT scout leads 
to a decrease in sensitivity and specificity of CT scout in the detection of ureteral 
calculi [5]. Although KUB is recommended only if the stone is not visualized on CT 
scout, Foel and colleagues presented that definitive assessment rates increase with 
KUB and CT [6, 7]. Therefore, they recommend baseline KUB for patients with 
ureteral stones diagnosed with CT. 

Plain X-ray (KUB) is a proper imaging method for follow-up for opaque ureteral 
stones having the advantages of being lower cost and less radiation exposure 
(0.5-1 millisievert (mSv) dose of radiation exposure) when compared to computed 
tomography [7]. 


Ultrasonography 


Ultrasonography (US) is a common imaging method used by urologists because it is 
cost-effective, radiation free, non-invasive and repeatable [7]. The sensitivity of US 
in detecting urolithiasis varies in the range of 19—96 96 [8]. While the sensitivity and 
specificity are higher for stones located in the renal pelvis, renal calices, the uretero- 
pelvic junction, and the ureterovesical junction, detection of ureteral calculi is more 
difficult and requires expertise. The deep location of the mid ureter and presence of 
intestinal gas may hinder the visualization of the ureter and calculi. However, the 
stone might be detected by re-examination with US due to the migration of the stone 
to the distal portion of the ureter which is more visible. Therefore, US can be used 
for follow-up in patients with ureteral calculi. 
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In a study comparing the diagnostic accuracy of CT, intravenous urography 
(IVU), and US for ureteral calculi, the sensitivity was found to be 94, 52, and 19 96, 
respectively [9]. US may also detect secondary signs (hydronephrosis, ureteral 
dilation, lack of ureteral jet flow) that may be related to obstruction or stricture. 
To increase the accuracy of US, a combination of KUB and Doppler US is described 
in the literature. It is shown that KUB or Doppler US, in addition to US, increases 
sensitivity (79—97 %) and specificity (91-100 96) in the detection of ureteral cal- 
culi [10]. For radiopaque stone formers, combining US and KUB is regarded as an 
optimal imaging modality [9]. 

The twinkling sign, a sonographic artifact behind the stone detected using Doppler 
US, increases the detection rate of ureteral calculi [11]. Similarly, native tissue har- 
monic imaging (NTHD), a new sonographic technique, provides higher image quality 
and precise measurement of stone size. It gives more details even in obese patients 
[12]. Mitterberger et al. presented that KUB with NTHI-US has a comparable speci- 
ficity and sensitivity rate with CT in the detection of urolithiasis [12]. 

Lack of radiation exposure and contrast administration, widespread availability 
and low cost are the main advantages of US. However, the requirement of expertise 
and low sensitivity for mid ureter, especially in obese patients, are regarded as limi- 
tations. Because of this, US is used as the primary imaging method in children and 
pregnant patients [7, 8]. Additionally, it is recommended as the first step imaging 
modality for the follow-up of patients treated with SWL or URS or in symptomatic 
patients who passed the stone to assess the relief of the obstruction [8]. 


Intravenous Urography 


Regarded as the traditional imaging method used for the diagnosis of acute flank 
pain, intravenous urography provides information about renal function, the grade of 
hydro-ureteronephrosis, stone location, anatomical abnormalities of the pelvicali- 
ceal system and ureter, and tumors in the collecting system and ureter. On the other 
hand, non-visualization of radiolucent stones with X-ray and difficulty differentiat- 
ing the filling defect sign from other etiologies (e.g. urothelial tumors) are regarded 
as its major limitations. The requirement of a contrast medium injection, proper 
bowel preparation and adequate hydration are other concerns about the method. 
The administration of contrast may lead to contrast nephrotoxicity, a 5-10 96 risk of 
allergic reaction, and the most severe complication of an anaphylactic reaction, with 
the risk of 1/100,000 [8]. The IVU procedure may be more time consuming due to 
the requirement of delayed films in patients with delayed urinary extraction related 
to obstruction. Chen et al. presented that room time for IVU was almost three times 
higher than the time for CT scan [13]. 

With the introduction of CT for the assessment of flank pain, the utility of IVU 
is significantly decreased. The studies prospectively comparing CT and IVU in 
patients with flank pain presented that the sensitivity and specificity of IVU 
(51-87 96, 92-100 %, respectively) are significantly lower than those of CT 
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(94-100 %, 92-100 %, respectively) (p=0.015) [7, 14]. With the widespread 
availability of CT in emergency rooms, it has replaced IVU for the radiological 
evaluation of patients with acute flank pain. 

Contrast studies can be helpful in the assessment of obstruction and renal func- 
tion after treatment of a ureteral stone. Although the ureteral stricture rate after URS 
(1-4 96) and SWL (0-2 %) is reported to be very low, contrast studies (IVU, diuretic 
renography or contrast CT) can be used in the assessment of patients who have 
symptoms or persistent hydronephrosis after definitive treatment [8]. 


Computed Tomography 


The usage of unenhanced helical CT for the diagnosis of acute flank pain was ini- 
tially reported by Smith et al. in 1995 [15]. In recent years with its widespread 
usage, computed tomography, is regarded as the gold standard imaging method for 
the initial diagnosis of acute ureteric colic because it has the highest sensitivity 
(94—100 %) and specificity (92-100 96) rates among imaging modalities [7, 8]. The 
ability to diagnose non-urologic conditions mimicking renal colic, such as appendi- 
citis, diverticulitis, pancreatitis, cholelithiasis, and lumbar discitis, its short exami- 
nation time, and its high sensitivity and specificity rates make it the most useful and 
common imaging method utilized in emergency rooms. 

The determination of precise stone size is essential in decision making for the 
proper treatment of ureteral calculi. While ureteral stones «5 mm have the spon- 
taneous passage rate of 77 96, only 39 % of the ureteral calculi >7 mm pass spon- 
taneously [16]. While KUB may lead to overestimation of stone size by 20 ^6, 
measurement with CT is closer to the actual stone size. However, Kishore et al. 
could not show significant correlation between actual stone size and CT measure- 
ment for distal ureteral stones [17]. 

Computed tomography reveals other stone related parameters [number of calculi, 
stone location, stone volume, stone attenuation measured in Hounsfield units (HU), 
and skin-to-stone distance (SSD)] that affect the selection of the proper treatment 
regime, in order to achieve the best results. Hounsfield unit attenuation and SSD are 
important factors affecting the success of SWL. Pareek et al. presented that SSD 
measured on CT is a powerful predictor of the success of SWL for renal calculi [18]. 
In this study, SSD of 210 cm was found to be the most sensitive and specific point on 
the curve, illustrating the relationship of the success of SWL with SSD. Stone vol- 
ume measured using a three-dimensional (3D) reconstruction of the preoperative CT 
is also a predictor of success for SWL in the treatment of upper urinary tract calculi. 

Hounsfield unit attenuation is another factor that can predict the success of 
SWL. Clinical studies have shown the threshold of stone attenuation detected on 
non-contrast CT for the failure of SWL was found to be 21,000 HU [7, 8, 19]. Some 
researchers made attempts to distinguish the stone composition using the HU mea- 
surements. Calcium based stones have a correlation between stone size and density, 
and they also have significantly higher HU attenuation than uric acid stones [20, 
21]. Dual-energy CT (DECT) is a technique where scans at two different energy 
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levels are obtained inorder to thereby allow differentiation in the composition of 
urolithiasis. In a recently published study, Wisenbaugh et al. have recently con- 
ducted a prospective and blinded study to compare accuracy of conventional CT and 
DECT in the prediction of stone composition [22]. They found that although both 
techniques have a comparable accuracy rate for the detection of uric acid stones, 
DECT is highly sensitive (93 96) in the differentiation of non-uric acid stones. 

Another popular parameter measured on CT that can be used to predict the stone 
composition is visceral fat area (VFA). Zhou et al. measured VFA from a 5 mm 
axial slice at the umbilical level using software and examined the association 
between stone type and increased VFA [23]. VFA may be regarded as the reflection 
of visceral obesity that increases the risk of metabolic syndrome and urolithiasis. 
They presented that hypertension and increased VFA (2187 cm?) are independent 
risk factors for uric acid. In another study the authors evaluated the association 
between parameters (SSD, HU, VFA) detected on CT and SWL success for ureteral 
calculi [24]. In their retrospective study, VFA (95 cm?), total abdominal fat area 
(263 cm?), para/perirenal fat area (49 cm’), and SSD were detected as important 
markers for the prediction of SWL success. Further prospective studies are war- 
ranted to explore these parameters. 

High radiation exposure is a major limitation of CT despite its high accuracy. A sin- 
gle abdomino-pelvic non-contrast CT leads to a 20 mSv radiation exposure which is 
approximately one third of the exposed dose of an atomic bomb within 3 km of detona- 
tion [25]. This dose of radiation exposure has the risk of radiation induced malignancy 
in 1/1,000 patients [25]. In order to reduce radiation exposure, low-dose CT can be 
used for the diagnosis of urolithiasis while having comparable sensitivity (97 %) and 
specificity (95 96) rates to conventional dose CT [26]. Jellison et al. showed that ultra- 
low-dose CT protocol produced an overall 98 % sensitivity and 83 % specificity for the 
detection of distal ureteral calculi with a 95 96 decrease in radiation exposure [27]. 
Low-dose CT also provides reliable information about stone size, SSD and stone den- 
sity. Besides its advantage in decreasing radiation exposure, low-dose protocol CT has 
less sensitivity in patients with a BMI >30 kg/m? and for ureteral calculi <3 mm [7, 8]. 
Although US is the primary imaging modality for the pediatric population when diag- 
nosing urolithiasis, low-dose CT is considered if US fails to make a diagnosis when 
ureteral calculi are suspected [8]. For non-opaque ureteral calculi diagnosed initially 
with CT, low-dose CT has emerged as a proper imaging modality for patients whose 
symptoms persist despite therapy or observation [8]. Low-dose CT is also recom- 
mended after definitive therapy (SWL, URS or MET) to assess the symptomatic 
patients who have persistent hydronephrosis detected with US [8]. 


Magnetic Resonance Imaging 


Magnetic resonance imaging is a radiation free imaging modality providing 
a comprehensive image for the assessment of all soft tissues. Although decreased 
sensitivity for the detection of urinary calculi compared to CT is regarded as a major 
limitation, secondary signs of urolithiasis can be detected with MRI. Generally, 


26 A. Tepeler and S.Y. Nakada 


signal generating substances, including protons, become visible on MRI. While 
calculi are visible in low signal intensity because of their composition, the sur- 
rounding urine is visible in high signal intensity on T2 weighted sequences. The 
sensitivity of MRI depends on the stone size and volume of urine surrounding the 
stone. Gadolinium enhanced excretory phase imaging helps to visualize the stone 
by forming a contrast void between the stone and urine. 

The MRI provides detailed information including hydronephrosis, ureteral wall 
thickness, and edema. Fegan et al. presented that the combination of MRI and KUB 
can diagnose calculus obstruction with a similar accuracy rate to CT [28]. Half 
Fourier single-shot turbo spin-echo (HASTE) MR urography provides faster image 
acquisition than conventional MR and does not require contrast administration. 
HASTE MR Urography is presented as an X-ray free and effective imaging method 
for the assessment of pregnant patients with suspicious renal colic [29]. While US 
is the initially preferred imaging method for those who are pregnant, MRI is 
regarded as the alternative method [7]. On the other hand, use of low-dose CT is 
allowed for the evaluation of flank pain in the 2nd and 3rd trimesters of pregnancy 
when US is not diagnostic [30]. 

Low sensitivity and specificity, increased cost, time consuming image acquisi- 
tion, and limited availability make the MRI a rarely used imaging method for the 
evaluation of patients with urolithiasis. Because of its major advantage of being 
radiation free it is primarily used for pregnant women. 


Take Home Points 

* [maging modalities are indispensable components in the selection of 
proper treatment strategy and follow-up for patients with urolithiasis. 

° Urologists must be aware of the advantages and limitations of the various 
imaging modalities (Ultrasound, KUB, Non-contrast CT-scan, MRI) used 
to diagnosis a ureteral calculus. 

* A number of CT-scan parameters may be used to help select the optimal 
treatment option for a ureteral stone including skin-to-stone distance and 
Hounsfield unit attenuation. 

° Urologists should understand the radiation dose imparted by various imag- 
ing modalities so that the appropriate imaging test may be selected for the 
diagnosis and follow-up of ureteral stones. 
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Chapter 3 
Radiation Exposure to the Patient 
and the Urologist 


Michael E. Lipkin 


Over the past three decades, there has been a significant increase in the amount 
of radiation people are exposed to from medical sources [1]. Much of this can 
be attributed to the increased utilization of computed tomography (CT) scans 
[2]. Over 60 million CT scans were performed in the United States in 2006, 
compared to just three million in 1980. It has been estimated that a total of 
29,000 future cancers may be caused from CT scans performed in the United 
States in 2007 [3]. 

Patients with ureteral stones are at particular risk for radiation exposure from 
imaging studies, especially non contrast CT (NCCT). The utilization of NCCT 
to evaluate patients in the emergency department for flank pain increased from 
4 % in 1996 to 45 96 in 2007 [4]. A study evaluating imaging during an acute 
stone event found that patients undergo an average of 4 diagnostic imaging stud- 
ies in the year following the event, including 1.7 CT scans [5]. In addition to 
radiation from diagnostic imaging, patients with ureteral stones often require 
surgical intervention, and radiation from fluoroscopy used in the operating room 
contributes to their overall exposure. Given the risks associated with patient 
radiation exposure, every effort should be made to reduce the amount of radiation 
patients with ureteral stones are exposed to from diagnostic imaging and in the 
operating room. 
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Table 3.1 Summary of Study Dose range 

reported patient doses fror Standard non-contrast CT 8-16 mSv [7] 

diagnostic imaging used in 

the evaluation of urolithiasis CT urogram 9.73 mSv [10] 
Low dose CT 1.4-3 mSv [7, 11-14] 
Ultra-low dose CT 0.5-0.91 mSv [18, 19] 
Plain abdominal radiograph 0.5-0.63 mSv [8, 20] 
KUB with tomograms 3.93 mSv [8] 
Intravenous urogram 0.7-3.93 mSv [8, 21] 
Digital tomosynthesis 0.87 mSv [20, 22] 
Renal scan 1.8-3.3 mSv [21] 
Ultrasound 0 mSv 
Magnetic resonance imaging 0 mSv 


Radiation from Diagnostic Imaging 


Computed Tomography 


Non-contrast computed tomography of the abdomen and pelvis is considered the 
first line imaging study for evaluation of acute renal colic. The sensitivity and speci- 
ficity of NCCT for the diagnosis of ureteral stones in a patient with acute flank pain 
has been reported to be between 95 96-9896 and 96 96—98 %, respectively [6]. 
NCCT can expose patients to a significant amount of radiation. The amount of radi- 
ation a patient is exposed to from a NCCT of the abdomen and pelvis varies with the 
machine used and the protocol used. Standard NCCT performed for the evaluation 
of stones have effective doses ranging from 8 to 16 mSv [7] (Table 3.1). For com- 
parison, a single plain radiograph of the abdomen and pelvis (KUB) has been esti- 
mated to expose patients to 0.63 mSv [8]. 

In addition to NCCT, CT with intravenous contrast is occasionally indicated in 
patients with ureteral stones. A delayed or urographic phase (CT Urogram) allows 
for evaluation of obstruction and helps better delineate collecting system anatomy. 
The recently published American Urological Association (AUA) recommendations 
for imaging ureteral calculi recommends CT Urogram in patients who have under- 
gone ureteroscopic stone extraction who have evidence of hydronephrosis on ultra- 
sound (US) or NCCT [9]. The radiation dose of a three phase CT Urogram has been 
calculated to be 9.73 mSv [10]. 


Low Dose CT 


More recently, newer CT scanners and newer scanning protocols have allowed for 
“low dose" NCCT. There is no strict definition for what comprises a “low dose" CT 
(LDCT), however in general it is accepted that a CT dose «3 mSv constitutes a “low 
dose” scan [7]. There have been a number of reports evaluating LDCT [11-14]. In a 
prospective comparative trial, the sensitivity and specificity for detecting ureteral 
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calculi were compared between a standard NCCT (7.30 mSv in males and 10.00 mSv 
in females) with a LDCT (1.40 mSv in males and 1.97 in females) [11]. The two 
studies had comparable sensitivities and specificities, with the exception of stones 
<2 mm. In these cases, the sensitivity of LDCT decreased to 68-79 % compared to 
95 % for standard NCCT. In another prospective trial, LDCT (1.6 mSv in males and 
2.1 mSv in females) showed similar sensitivity and specificity for detecting ureteral 
or renal stones compared to standard NCCT (9.6 mSv in males and 12.6 in females) 
[12]. The authors did find that the LDCT had decreased sensitivity in patients with a 
body mass index (BMI) >30 kg/m’. In patients with a BMI >30 kg/m’, the sensitivity 
for detecting a ureteral calculus was only 50 % with a specificity of 89 %. A third 
comparative study evaluating the sensitivity and specificity between standard NCCT 
and LDCT also found equivalent sensitivities between the two imaging modalities 
for the detection of ureteral calculi [14]. A recent meta-analysis of studies evaluating 
LDCT for the detection of urolithiasis found pooled sensitivity of 97 % and a pooled 
specificity of 95 % [7]. 

Although LDCT has been shown to be highly effective at diagnosing ureteral 
calculi, it does have limitations. As mentioned above, the sensitivity of LDCT 
decreases in obese patients [12]. One way to overcome this decrease in image qual- 
ity in obese patients is to use automatic tube current modulation (ATM) which 
adjusts the gantry rotation time to optimize the signal-to-noise ratio. When compar- 
ing radiation dose for LDCT using ATM in non-obese and obese patients, obese 
patients were found to have a threefold increase in radiation dose (3.04 mSv vs 
10.22 mSv, p«0.0001) [15]. Given these limitations, the AUA recommendations 
for imaging ureteral calculi recommend standard dose NCCT in obese patients with 
suspected ureteral stones [16]. A recent study also evaluated the ability of LDCT to 
detect uric acid stones in the ureter [17]. This study performed in human cadavers 
demonstrated decreased sensitivity of LDCT for the detection of uric acid stones, 
especially for stones <3 mm. 

Low dose CT is an improvement in regards to radiation exposure over standard 
NCCT, however it is still more radiation than a KUB. A recent study evaluated 
the effectiveness of an ultra-low-dose NCCT for the detection of ureteral calculi 
[18]. The effective dose for the ultra-low-dose NCCT was 0.91 mSv which com- 
pares favorably to what has been reported for KUB (0.63 mSv) [8]. When com- 
pared to LDCT, ultra-low-dose NCCT was found to have similar sensitivity for 
stones >4 mm [18]. Even lower CT doses have been evaluated. In a study evaluating 
NCCT with doses of 0.5 mSv in males and 0.7 mSv in females, the sensitivity and 
specificity was found to be 97 and 95 %, respectively [19]. 


Plain Abdominal Radiography 


Plain abdominal radiographs (KUB) are still used in clinical practice for the 
evaluation of ureteral stones. For radio-opaques stones, they can be used to follow 
patients who are on a trial of passage. The dose of a KUB can vary based on the 
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machine and settings used. The reported doses have generally been low, between 
0.5 mSv and 0.63 mSv [8, 20]. The use of tomograms increase the amount of radia- 
tion patients are exposed to. For a series of KUB and tomograms, including one 
scout KUB image and three tomographic sweeps, the dose has been reported to be 
3.93 mSv, more than a LDCT [8]. Intravenous urogram (IVU) is still used to evalu- 
ate for obstruction in the setting of ureteral stone and to delineate collecting system 
anatomy. The dose of radiation from an IVU is primarily dependent on the number 
of images taken and the technique. Reported doses for IVU have ranged from 0.7 to 
3.93 mSv [8, 21]. 

Digital tomosynthesis (DT) is a novel technology which recreates a number of 
coronal images from a single tomographic sweep. The study involves a scout plain 
KUB and a single sweep of the emitter. Digital software then reconstructs a number 
of slice images at different depths. The advantage of this technology is on each slice, 
overlying structures are removed to provide clearer imaging. The radiation dose for 
DT has been measured in a phantom model to be 0.87 mSv which is slightly more 
than a KUB but significantly less than traditional KUB with tomograms [20, 22]. 


Nuclear Medicine Scans 


Renal scans can be useful to evaluate for obstruction and determine differential 
function of patients with urolithiasis. The radiation exposure to the patient varies 
with the isotope used. The exposure from a renal scan with MAG3, DMSA and 
DTPA is 2.6 mSv, 3.3 mSv and 1.8 mSV, respectively [21]. 


Renal Ultrasound and Magnetic Resonance Imaging 


Renal ultrasound is commonly used to evaluate patients with known or suspected 
ureteral stones. There is no radiation exposure from a renal ultrasound (US) which 
makes it the ideal first line study for pediatric and pregnant patients. Magnetic reso- 
nance imaging (MRI) is another imaging technique that does not expose patients to 
radiation. 


Radiation Reduction from Diagnostic Imaging 


Patients with ureteral stones are at risk for significant radiation exposure. The key to 
reducing this exposure is appropriate selection of imaging technique and use of 
radiation free imaging, such as MRI or US, as often as possible. The use of LDCT 
in lieu of standard NCCT also reduces the amount of radiation patients with 
urolithiasis are exposed to. The AUA clinical effectiveness review recommends 
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LDCT as first line imaging for patients with renal colic and suspicion for a renal 
stone with the exception of obese patients, in whom they recommend standard 
NCCT [22]. It also recommends a KUB at the time of LDCT and if the stone is 
radio-opaque, the recommendation is for US/KUB for follow up during observa- 
tion. In general, the panel recommends US and KUB, depending on whether the 
stone is radio-opaque, for follow up after surgical treatment with shock wave litho- 
tripsy (SWL) or ureteroscopy (URS). By following patients with US and KUB, the 
radiation dose is reduced nearly 80 % compared to if the patient had been followed 
with LDCT (0.6 mSv for US/KUB versus 3 mSV for LDCT). 


Radiation Exposure in the Operating Room 


Many urologic procedures in the operating room utilize fluoroscopy. This includes 
percutaneous nephrolithotomy (PNL), URS and SWL. The radiation from fluoros- 
copy contributes to patients overall exposure. It also leads to exposure for the urolo- 
gist. Awareness of the amount of radiation patients are exposed to in the operating 
room (OR) and understanding techniques to reduce the amount of fluoroscopy will 
help minimize the overall exposure to both patients and urologists. 

Radiation exposure from fluoroscopy can be reported in a number of different 
ways. Fluoroscopy time (FT) is the simplest measure of exposure, however it does 
not always correlate with the actual dose the patient received, particularly in obese 
patients [23]. Dose area product (DAP) is a value reported by the C-arm that can be 
converted to effective dose (ED) using conversion factors. Effective dose is a calcu- 
lated dose that relates the amount of radiation absorbed to the risk of malignancy. 


Percutaneous Nephrolithotomy 
Patient Exposure 


Percutaneous nephrolithotomy is often used to treat large proximal ureteral or 
uretero-pelvic junction stones. Fluoroscopy is commonly used to guide percutane- 
ous access. In addition, fluoroscopy is used to help guide wires down the ureter, for 
tract dilation and at the end of the procedure to evaluate for residual stone and help 
with drain placement. A number of reports have evaluated radiation exposure and 
fluoroscopy time PNL [23-25]. In a retrospective review of 96 patients undergoing 
PNL, the mean ED was calculated to be 8.66 mSv [23]. Risk factors for higher 
radiation doses included increasing body mass index (BMD), increasing stone bur- 
den and increasing number of access tracts. Another review of 282 PNL procedures 
found a mean FT of 10.19 min [24]. In this study, increasing stone burden and 
access tracts was associated with increased FT. 

Using a validated anthropomorphic male phantom model, one group measured 
organ specific dose rates and calculated ED rates for both right and left sided PNL 
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in non-obese patients [25]. The ED rate was 0.014 mSv/s and 0.021 mSv/s for 
a right and left sided PNL, respectively. The authors retrospectively reviewed their 
series of PNL and determined the actual dose patients were exposed to by measur- 
ing the calculated ED rate by the fluoroscopy time for their procedures. They found 
a median ED of 7.63 mSv for right sided PNL and 8.11 mSv for left sided PNL. These 
doses are more than double that of a LDCT. 


Surgeon Exposure 


During PNL, the surgeon and OR staff are at risk for exposure to radiation from 
the C-arm. The primary risk for the surgeon is scatter radiation coming off the OR 
table or the patient. The majority of the absorbed dose that surgeons are exposed 
to is to the lower extremities, with the hands and head/neck getting exposed to 
lower amounts of radiation [26—28]. In one study calculating the ED the urologist is 
exposed to during PNL, the mean FT was 10.7 min and he mean ED for the urolo- 
gist per case was 0.0127 mSv [28]. For comparison, the International Commission 
on Radiation Protection (ICRP) recommends that occupational exposure should not 
exceed 20 mSv per year during a 5-year period or 50 mSv in any single year [29]. In 
that same study, the absorbed dose the surgeon's eyes was exposed to was 40 Gy, 
compared to 167 Gy and 93 p Gy to the lower leg and foot respectively [29]. 


Radiation Reduction 


During any procedure using fluoroscopy, the principles of As Low As Reasonably 
Achievable (ALARA) should be followed (Table 3.2). These principles include 
ensuring the image intensifier is as close to the patient as possible and that the 
image is collimated over the area of interest as much as possible. Pulsed fluoroscopy 


Table 3.2 Techniques to Collimate image to area of interest 
reduce radiation dose from 


fluoroscopy in the operating - 
room (ALARA) Use pulsed fluoroscopy at lowest frames/sec that produces 


acceptable image 


Place image intensifier as close to patient as possible 


Use last image hold to save images for reference later in 
procedure 


Use single shot fluoroscopy rather than continuous fluoroscopy 
as much as possible 


Use low dose settings on C-arm where applicable 

Use ultrasound when feasible (to aide in percutaneous access) 
Use tactile cues in placing wires and place stents under vision 
Have staff and surgeon stand as far from the emitter as possible 


OR staff should use protective lead covering including aprons 
and eyewear 
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should be set at the lowest possible frames/sec that provides usable image quality to 
perform the procedure and last image hold should be used to save images for refer- 
ence during the procedure. 

In addition to adhering to the principles of ALARA, several other techniques 
have been shown to reduce radiation exposure. One group showed a mean FT 
reduction from 175 to 33 s using simple protocol during PNL [30]. The proto- 
col involved marking the location of important landmarks on the drape, using 
a laser guided C-arm and having pre-operative imaging available and visible 
during the entire procedure. Fluoroscopy for access was timed during the end 
of expiration which is the longest period of the respiratory cycle. Another way 
to reduce radiation exposure to patients when fluoroscopy is used during PNL 
is to use air as a contrast agent instead of iodinated contrast [31]. The use of air 
instead of contrast was shown to reduce ED for almost 50 %, from 7.67 mSv to 
4.45 mSv. 

Another way to reduce radiation to both the patient and surgeon during PNL 
is to limit FT with the use of ultrasound to guide access. Two randomized con- 
trolled trials comparing PCNL with ultrasound combined with fluoroscopy versus 
fluoroscopy alone both found that the use of ultrasound reduces the FT by approxi- 
mately 50 % [32, 33]. There have also been reports of using ultrasound without 
fluoroscopy during PNL, which completely eliminates any patient or surgeon radia- 
tion exposure [34]. 

In addition to the above recommendations, surgeon dose can specifically be 
reduced with appropriate shielding with lead aprons, lead lined glasses and lead 
lined gloves. Lead skirts can be applied to the side of OR beds reducing scatter to 
the surgeon. All personnel should stand as far from the radiation source as pos- 
sible as the dose significantly decreases the further away the surgeon is from the 
emitter [27]. 


Ureteroscopy 
Patient Exposure 


Radiation from fluoroscopy during URS also contributes to the overall exposure of 
patients’ with ureteral stones. The amount of radiation patients are exposed to dur- 
ing URS is less than that for PNL. In a study using a validated, anthropomorphic 
model of a non-obese male on a fixed fluoroscopy table, the ED rate for URS was 
calculated to be 0.024 mSv/s [35]. The median FT was 46.95 s and the median ED 
was 1.13 mSv, approximately the dose of two KUB. Obesity is a risk for increased 
radiation exposure during URS. Obese patients absorb a greater amount of radia- 
tion for the same FT as non-obese patients [36]. This is due to a feature of many 
modern C-arms called automatic exposure rate control which adjusts tube voltage 
and tube current to maintain image quality. Due to the increased amount of tissue 
to penetrate, morbidly obese patients have been shown to be exposed to more than 
three times the radiation as non-obese patients during ureteroscopy [36]. 
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Surgeon Exposure 


The reported risks of radiation exposure to the surgeon during URS are less than 
that during PNL [27]. Using a portable C-arm, the lower extremities are exposed 
to the greatest amount of radiation, with the head/eye getting exposed to relatively 
small doses. In a study evaluating surgeon exposure during ureteral procedures with 
a mean FT of 78 s, surgeons were eyes were exposed to a mean of 1.9 uGy, their 
lower legs to 11.6 Gy and their feet to 6.4 uGy. This would likely be different 
when a fixed fluoroscopy table is used. The x-ray emitter is typically housed above 
the patient in a fixed table unit. This would lead to scatter coming off the anterior 
surface of the patient, leading to greater exposure to the head/eyes. 


Radiation Reduction 


The principles of ALARA, as mentioned above, apply to the use of fluoroscopy dur- 
ing URS as well (Table 3.2). The best way to reduce radiation exposure to both the 
patient and surgeon during URS is to reduce FT. One study demonstrated a reduc- 
tion of mean FT from 86.1 to 15.5 s by implementing a reduced radiation fluoros- 
copy protocol [37]. This protocol included the use of last image hold, use of tactile 
clues for guidewire placement, placing ureteral stents under visual guidance, and 
using a laser guided C-arm. The tracking of FT and providing feedback to surgeons 
has also been shown to be effective at reducing FT during URS [38]. Surgeons’ FT 
was tracked for 9 months to establish a baseline. Thereafter, a quarterly report was 
given to all the participating urologists that included their mean FT and that of their 
colleagues. The mean FT decreased by 24 % once the quarterly reports were intro- 
duced from a mean of 2.74 to 2.08 min. The use of ultrasound to guide URS has also 
been reported, specifically for pregnant patients [39]. 


Shock Wave Lithotripsy 
Patient Exposure 


Shock wave lithotripsy (SWL) commonly uses fluoroscopy to target the stone 
during the treatment. Patient exposure during SWL is dependent on FT. One 
group evaluated the ED from SWL at their institution by determining the ED rate 
using a phantom model and then multiplying it by FT [40]. The authors found the 
mean ED to be higher for proximal ureteral stones compared to distal ureteral 
stones and higher for females compared to males. For proximal ureteral stones, 
males were exposed to a mean of 1.71 mSv versus 1.82 mS v, and for distal ure- 
teral stones males were exposed to 0.76 mSv compared to 1.62 mSv for females. 
Another study demonstrated similar results with a mean ED of 1.62 mSv with 
a mean FT of 204 s [41]. 
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Surgeon Exposure 


The amount of radiation urologists are exposed to during SWL has not been 
specifically characterized. In general, since the urologist does not need to be at the 
patient's side while fluoroscopic images are taken, the dose should be lower than 
that for PNL or URS. 


Radiation Reduction 


The principles of ALARA apply to fluoroscopy during SWL (Table 3.2). Every 
effort should be made to limit FT. For surgeon exposure, the urologist should stand 
at least 12 ft at which point the radiation is equal to natural background radiation. 
The use of ultrasound to target the stone can also be used to reduce radiation 
exposure during SWL. 


Take Home Points 

* Patients with ureteral stones are at significant risk for increased radiation 
exposure from both diagnostic imaging and fluoroscopy used in the 
operating room 

* Low dose CT protocols should be used in non-obese patients with flank 
pain for the diagnosis of suspected ureteral stones 

* Radiation from fluoroscopy during surgical intervention can expose 
patients to as much or more radiation then diagnostic imaging studies 

* Obesity increases radiation doses from both imaging studies such as NCCT 
and fluoroscopy in the operating room 

* The principles of ALARA should be followed in the operating room to 
reduce radiation exposure from fluoroscopy to both the patient and staff 
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Chapter 4 
Selecting the Appropriate Treatment Modality 
for Ureteral Calculi 


Tim Tran and Gyan Pareek 


Introduction 


Urolithiasis is a common disorder that represents a significant burden to patients 
and the healthcare system. Three decades ago, the prevalence of urolithiasis in the 
United States was approximately 3.8 %. Since then, the prevalence has more than 
doubled, to a reported 8.8 % in a 2010 national survey [1]. 

Amongst patients treated for urolithiasis, nearly half will develop a second stone 
within 5-7 years [2]. Given this high prevalence and recurrence rate, it is not sur- 
prising that the national expenditure in relation to urolithiasis in the United States is 
over $2 billion dollars [3]. 

As one of the most common challenges encountered by the urologist, an in-depth 
understanding of the various treatment options for urolithiasis can facilitate safe and 
cost-effective care. The technological evolution in management options and its 
associated effect on treatment efficacy can make selecting the best option a chal- 
lenge. This chapter aims to provide an up-to-date perspective on how to select an 
optimal treatment option for ureteral stones. 


History of Ureteral Stone Treatment 


Over the last quarter century, the treatment for ureteral stones has advanced greatly. 
Introduction of shockwave lithotripsy (SWL) in mid-1980s represented a revolu- 
tionary breakthrough. SWL offered urologists an effective and non-invasive 
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treatment modality that featured less morbidity and a lower risk of complications 
than its contemporary counterparts. 

At that time, ureteroscopy (URS) was typically limited to the treatment of distal 
ureteral stones. Poor optics, inefficient options for intracorporeal lithotripsy and 
larger instruments combined for a procedure that was wrought with technical diffi- 
culty as well as higher complication rates. 

Subsequently, there have been significant advancements in URS. Miniaturization 
of equipment, ureteral access sheaths, improved fiberoptics, and deflectable tip flex- 
ible ureteroscopes highlight changes that have allowed for safer and more consistent 
access to the entirety of the upper urinary tract. The holmium laser has facilitated 
safer and more effective stone fragmentation. These advancements eased the learn- 
ing curve for URS, leading to increased surgeon proficiency. Intraoperative compli- 
cations, such as ureteral perforation and stricture, appear to have become less 
common with these advances. 

The advancement of SWL over the last two decades has been less straightforward. 
Second-generation lithotripters have offered portability and decreased anesthetic 
requirements, however, stone-free rates have dropped considerably [4, 5]. A meta- 
analysis included in the 2007 Guideline for Management of Ureteral Calculi consid- 
ered over 7,000 patients from 50 studies. Their findings noted that over a 10-year time 
period, the success rate of SWL for distal stones had decreased from 85 to 74 96 [6]. 

The implementation of third-generation shockwave devices has yielded promising 
results. Over the last half-decade, stone-free rates with these lithotripters have been 
reported to approach or match the standard established by first generation devices, 
while maintaining the benefit of lesser anesthetic requirements. These results need to 
be validated in a more prospective manner. The constantly shifting milieu of ureteral 
stone treatment makes accurate characterization of the efficacy and safety of URS 
and SWL a challenging task. Further complicating this assessment is the paucity of 
high-level evidence to definitively compare these two treatment modalities. 


Treatment Considerations for Medical Expulsive Therapy, 
Shockwave Lithotripsy and Ureteroscopy 


Medical Expulsive Therapy 


While the primary surgical options for ureteral stones are URS and SWL, medical 
expulsive therapy (MET) maintains an important role in management. Over the last 
decade, a series of studies have highlighted the importance of medical therapy in 
augmenting the successful passage of ureteral stones. 

Preminger and colleagues have estimated that 68 96 of stones less than 5 mm and 
47 96 of stones 5-10 mm are likely to pass spontaneously [6]. Based on these find- 
ings, a trial of MET is often a first line therapeutic option for ureteral stones less 
than 10 mm. Stone passage, however, can be extremely uncomfortable for the 
patient. As such, potential treatment options that can expedite the rate of stone pas- 
sage and improve success rates may improve quality of life and help patients avoid 
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surgery. More expeditious passage can also reduce the risk of urinary tract infection 
and obstruction-related deterioration of renal function. 

The mechanism through which MET facilitates stone passage has been demon- 
strated in animal studies. The lodging of a stone within the ureter leads to uncoordi- 
nated ureteral spasm proximal to the stone. Alpha-blockers reportedly relax the 
ureteral smooth muscle to restore normal peristalsis and increase hydrostatic pres- 
sure proximal to the stone, facilitating distal progression of the stone [7]. 

The efficacy of MET on stone passage has been carefully examined over the last 
decade. 

Agents that have been considered for MET include calcium-channel blockers, 
alpha-blockers and corticosteroids. In a meta-analysis by Hollingsworth et al. [8] 
both alpha-adrenergic antagonists and calcium-channel blockers were demonstrated 
to improve the likelihood of stone passage, decrease transit time and limit pain [8]. 
In contrast, corticosteroids had an inferior efficacy profile and are now rarely used 
due to their significant adverse effect profile. 

More recently, a 2014 Cochrane Review decisively demonstrated the benefit of 
medical expulsive therapy [9]. Their analysis included 5,864 patients from 32 ran- 
domized controlled trials. Patients that received alpha-blockers had a 48 96 greater 
likelihood of stone passage (RR 1.48, 95 % CI 1.33-1.64). Stone passage occurred, 
on average, 3 days faster (MD —2.91, 95 % CI —4.00 to —1.81). Patients receiving 
alpha-blockers also had fewer pain episodes and hospitalizations. No adverse effects 
were reported that led to cessation of therapy. Comparison between 1,647 patients 
that received alpha-blockers to 1,276 treated with calcium-channel blockers showed 
superior passage rates with alpha-blockers (RR 1.19, 95 % CI 1.05-1.35). 

The use of MET remains on the rise, increasing by 68 96 per year between 2002 
and 2006 [10]. The 2007 Guideline for Management of Ureteral Calculi includes 
MET as a primary option for stones less than 10 mm. Thus, amongst patients for 
whom a trial of passage will be offered, the addition of MET is advisable. Periodic 
re-assessment of stone progression with serial imaging is indicated. A trial of pas- 
sage is deemed a failure in the presence of persistent obstruction, failure of stone 
progression or intolerable renal colic. 


Shockwave Lithotripsy 


The current body of literature on SWL makes it clear that the most efficient approach 
requires careful patient selection as well as optimization of operative techniques. 
Because non-contrast computed tomography (NCCT) is often available prior to 
SWL, several CT-based metrics have been reported to predict treatment outcomes. 


Stone Density 
Stone density, as measured by Hounsfield Units (HU) has been described as a sur- 


rogate marker for stone hardness. Softer stones, such as calcium oxalate dihydrate 
and calcium phosphate are more readily fragmented by SWL in comparison to 
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harder stones, such as cystine or calcium oxalate monohydrate [11, 12]. Measuring 
HU greater than 900 was a significant predictor of SWL failure in one cohort and 
stones with HU 71,000 required significantly more shocks to achieve fragmentation 
in another [13, 14]. Ouzaid et al. demonstrated a 96 % SFR for stones with HU 
«9770, while those 2970 had SFR of only 62 % [15]. 


Stone Size 


Larger stones have a greater likelihood of retreatment, auxiliary procedures and 
complications with SWL than URS [16, 17]. 

Stone burden is commonly described via maximum stone diameter. Alternative 
methods, including stone area and volume have been demonstrated to be a predic- 
tors of treatment success as well [18]. Most recently, Bandi and colleagues per- 
formed a comparative analysis of several CT-based metrics of stone size [19]. They 
demonstrated that stone volume was a greater predictor of treatment success than 
stone diameter or area. It is felt that by including consideration of stone depth, stone 
volume renders more accurate characterization of the total burden. 

Notably, most studies that include stone volume utilize specialized radiographic 
software and technicians to obtain these values. However, these resources are usu- 
ally unavailable for most urologists. As such, it is important to note that stone vol- 
ume can be calculated using the ellipsoid volume formula. This requires only 
manual measurement of stone height, width and depth (volume = H x W x D x n/6). 
Tran et al. [20] recently demonstrated that this method yields a stone volume tightly 
correlated with the computer-generated values (r=0.9778, in process). 


Body Mass Index and Skin-to-Stone Distance 


Patient body habitus has a significant impact on SWL efficiency. The energy of the 
shockwave diminishes by 10—20 % for every 6 cm of tissue it traverses [21]. Also, 
many lithotripters have a maximum focal point of approximately 12-14 cm [22]. 

Body mass index (BMI) is a readily available metric that is an established risk 
factor for SWL failure. Pareek et al. [23] showed a significant difference in BMI 
between stone-free patients and those with residual stones (BMI 26.9 x 0.5 vs. BMI 
30.8 + 0.9, p «0.05) [23]. A recent multivariate analysis by Hwang et al. [24] dem- 
onstrated that patients with BMI >25 had a 3.5 times greater risk of SWL failure 
[24]. Yang and colleagues [25] demonstrated similar results, with BMI and buttock 
circumference being noted as predictors of SWL failure [25]. 

Skin-to-Stone Distance (SSD) is another predictor related to body habitus. This 
metric attempts to measure the presumed path of the shockwave by averaging the 
horizontal, vertical and diagonal distance from the stone to the skin. It is theorized 
that by measuring the amount of soft tissue that a shockwave must traverse, SSD can 
provide a more precise assessment of the dampening forces than BMI. A cut-off value 
of 10 cm was noted by Pareek et al. [23] to be predictive of SWL failure for renal 
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stones [26]. Similarly, Patel et al. [27] showed that SSD of 10.7 cm had a significantly 
greater residual stone rate compared with patients with SSD of 8.3 cm [27]. 


Combination Scores 


Simultaneous consideration of these many CT-based metrics can be challenging. 
Metrics that allow for combined analysis of pre-operative factors can augment pre- 
dictive power and allow for easier application of these tools in clinical practice. 

Simultaneous consideration of two parameters has been utilized by Perks et al. 
[28] where stones «900 HU and SSD «9 cm correlated with SWL success, regard- 
less of stone size, location of BMI [28]. 

Ng et al. [29] considered ureteral stones and determined cutoff values of 593 HU, 
9.2 cm and 200 mL for stone density, SSD and volume, respectively [29]. They then 
utilized a scoring system where having 0, 1, 2 or 3 of these factors correlated with 
17.9, 48.4, 73.3 and 100 46 success rates. 

Similarly, Tran et al. (2014) developed the Triple D (DDD) Score for prediction 
of SWL success for ureteral and renal stones. Recent analysis has demonstrated that 
SWL is more cost-effective than URS when its stone-free rate is greater than 65 96 
[30]. Therefore, these predictive tools, while still in the experimental stages, hold 
great promise for identifying the ideal candidates for SWL. 


Intraoperative Tools to Improve Efficacy 


In addition to identification of proper treatment candidates, SWL treatment success 
can be further optimized by utilization of ideal treatment strategies. 

Lowering shockwave delivery rate (from 120 shocks per minute to 60) and power 
ramping (starting at low power and gradually increasing to full power) can improve 
stone fragmentation and limit renal injury [31, 32]. 

In addition, optimizing acoustic coupling can significantly improve treatment 
efficacy. Shockwaves pass efficiently through water, coupling gel and body tissue, 
but their propagation is significantly limited by air pockets. As little as 2 96 air 
bubbles within the coupling medium can decrease stone fragmentation by 20—40 96 
[33]. Thus, while easily overlooked, proper application of coupling gel is an impor- 
tant consideration in the optimization of SWL. 


Medical Expulsive Therapy and Shockwave Lithotripsy 


Postoperative administration of tamsulosin has been demonstrated to improve 
SWL outcomes. Limiting ureteral spasm can promote more efficient passage of 
residual fragments. A meta-analysis of 15 randomized studies that included over 
1,300 patients revealed a 24 % improvement in stone passage rates after SWL of 
ureteral and renal stones [34]. This benefit was even greater with proximal stones 
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(RR 2 1.83, 95 96 CI 1.20-2.78) and distal stones (RR = 1.43, 95 96 CI 1.13-1.81). 
Similar to MET data for spontaneous passage, tamsulosin improved passage rates 
and also was associated with shorter time to stone passage and fewer pain 
episodes. 


Newer Devices 


Reports of the experience with newer generation lithotripters has generated 
optimism related to the high stone-free rates for the treatment of ureteral urolithia- 
sis. These lithotripters deliver the shock wave energy over a larger surface area of 
patient skin, which helps to decrease pain. The importance of the lessened pain with 
these devices lies not only in potentially easier convalescence for the patient but also 
a decreased anesthetic requirement as SWL with these lithotripters is often readily 
performed with either intravenous sedation or minimal anesthesia. 

In addition, the delivery of shockwaves is focused to a smaller focal area, which 
can facilitate more effective stone fragmentation. The more concentrated delivery of 
energy, however may lead to a greater risk of subcapsular hematoma formation in 
comparison to the first generation spark-gap lithotripters. 


Ureteroscopy 


Large instruments and poor optics initially made access to the upper ureter chal- 
lenging. Therefore, URS was initially limited to treating stones in the distal and 
mid-ureter while proximal stones were treated with SWL. In addition, early intra- 
corporeal lithotripsy options were inefficient. Thus, URS beyond the distal ureter 
was initially a harrowing task associated with a higher risk of complications. 

Significant advancements in technology over the last two decades have made 
URS safer and more reliable. Miniaturization of instruments reduced the need for 
routine ureteral dilation and has contributed to the decreased rates of serious compli- 
cations such as ureteral stricture formation or perforation. Perforation rates ranging 
between 2 and 4 96 have been noted, with lower rates cited in modern series [35, 36]. 

While it requires general anesthesia, is more invasive, and is oftentimes com- 
pleted with stent placement, URS does offer some advantages over SWL. 

First, while SWL single-session stone-free rates can vary significantly, URS 
has been reported to have consistent stone-free rates of 85-100 % after a single 
treatment [35]. 

Also, while patient and stone-related factors have proven to affect SWL out- 
comes, there is a paucity of evidence that these parameters affect URS efficacy. 
Several studies have demonstrated no difference in stone-free rates or complications 
amongst overweight patients undergoing URS [37, 38]. In addition, while stones 
with greater density may require more time for fragmentation, the holmium laser 
has been proven to break stones of all compositions [39]. 
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Lastly, URS is useful for specific patient populations that are poor candidates for 
SWL. While SWL is contraindicated for patients with bleeding diatheses and/or on 
anti-coagulation therapy, URS has no increased risk of significant bleeding in this 
population [40]. Also, treatment of multiple stones in multiple locations is challeng- 
ing with SWL, however single-session clearance of these stones can be more readily 
attained with URS [41]. 

Factors that do appear to affect URS success rates are as follows: 


Preoperative stent placement 


Placement of stent prior to stone treatment yields passive ureteral dilation, allowing 
easier access to the upper tract. Netsch et al. [42] demonstrated in a matched-pair 
comparative analysis that when a stent was present prior to URS treatment, 
stone-free rates were 15 % greater (98.2 % vs 83.3 96, p « 0.01) amongst patients 
with a larger stone burden (greater than 5 mm) [42]. 


Drawing from these findings, some have argued that this improvement justifies stent 
placement prior to stone treatment for larger stone burdens. While pre-stenting 
certainly allows for easier treatment, the guarantee of a second procedure raises 
concerns regarding the cost-effectiveness of this maneuver. 


Stone burden 


The total stone burden being targeted is a predictor of treatment success. Similar to 
SWL, new methods for accurate assessment of stone burden are being investi- 
gated. Stone volume is the most accurate predictor of stone-free status after 
URS. However, it takes more time to measure than maximum stone diameter. Ito 
et al. [43] reported that stone volume does not need to be calculated in cases 
where stone diameter is «20 mm, as it is no better at predicting outcome in these 
patients [43]. Surface area, while slightly inferior to stone volume, was also dem- 
onstrated to be an accurate predictor of stone-free status after URS [44, 45]. The 
advantage of using surface area is that it can be calculated from plain-film X-ray. 


As mentioned above, stone density does not affect stone-free rates, but it does affect 
the efficiency of stone fragmentation. Using the holmium laser, Ito et al. [39] 
showed that stones measured to have higher HU require more time for fragmen- 
tation [39]. 


One of the chief disadvantages for URS is its greater frequency of stent placement 
compared with SWL. Stent-related lower urinary tract symptoms significantly 
worsen patient quality of life. Also, they often require a secondary procedure for 
removal and are associated with complications such as infection, encrustation 
and migration [45]. Several well-designed studies have confirmed that stenting 
after routine URS is not required [46]. The 2007 AUA/EUA Guideline on 
Management of Ureteral Calculi states, “stenting following uncomplicated URS 
is optional"[6]. However, stenting post-ureteroscopy appears to remain a com- 
mon practice. A 2014 international multi-center prospective study that included 
nearly 10,000 patients treated between 2010 and 2012 revealed that 80.6 % of 
patients had postoperative stent placement [36]. 
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Outcomes for Shockwave Lithotripsy, Ureteroscopy 
and Alternatives 


Considerations 


Accurate comparison of URS and SWL is difficult for two reasons. First, the 
technology is continually evolving. These changes can be dramatic and result in 
significant changes with stone-free rates (both positive and negative). Second, there 
is a relative scarcity of high-level evidence to assess the new technologies available 
in the modern era. Therefore, conclusions are often drawn from studies that are 
either less relevant or of lower quality. 

To illustrate this challenge, consider that in 2001 a prospective, randomized 
controlled trial demonstrated equivalent stone-free rates for SWL and URS in treat- 
ing distal ureteral stones [35]. However, SWL was performed with the Dornier 
HM3 lithotripter, which is no longer used and URS was performed with scopes and 
intracorporeal lithotripsy devices that are considered outdated today. Thus, despite 
a high level of evidence, the applicability of these results to the current practice 
environment is limited. 

To enhance the utility of the information presented here, we will emphasize 
studies performed with equipment that is commonplace in this contemporary era. 


Proximal Ureteral Stones 
Direct Comparison Between Shockwave Lithotripsy and Ureteroscopy 


Seven studies have provided direct comparison between treatment modalities for 
proximal stones (Table 4.1). Six compared SWL to URS. One study compared 
URS, PCNL and laparoscopic ureterolithotomy. However, only one of these studies 
compared third-generation lithotripters to URS with holmium laser — the current 
standards for this modern era. 

In general, single-session treatment with ureteroscopy had much higher and 
more consistent stone-free rates (86.6—97.5 96) than SWL (35—77.5 96). Efficiency 
quotients (EQ) were significantly worse for SWL in three of five studies that 
included this measure. Complication rates tended to be higher for URS, however the 
overall incidence was low. 

Amongst the studies that noted quality of life, the findings were variable. Patients 
with SWL presented more often to the ER and office with renal colic, whereas URS 
patients sought care more frequently for stent-related lower urinary tract symptoms. 

Kumar et al. [47] compared semi-rigid URS with holmium laser to SWL with a 
third-generation lithotripter [47]. Mean stone size was 12.5 and 12.3 cm for URS 
and SWL patients, respectively. While no significant difference was noted in stone- 
free rates, a significantly higher re-treatment rate was required for SWL (61.1 % vs. 
11.1 96, p «0.0001, average 1.6 SWL sessions). As expected, the EQ was higher for 
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URS, especially for stones larger than 10 mm (83.4 vs 46.4, p- 0.01). The overall 
complication rate was higher for URS (11.1 96 vs. 6.6 96), but this difference was 
not statistically significant. There was no difference in the incidence of UTI or 
severe pain amongst the two groups. 

Although a retrospective analysis, Cui et al. [48] provide an interesting compari- 
son between SWL with a third-generation device and URS with holmium laser [48]. 
Mean stone size was approximately 10 mm for each group. Stone-free rates were 
ultimately similar (92.5 % SWL vs. 97.5 % URS) although single session SFR for 
SWL was 77.5 96. URS patients had significantly more lower urinary tract symp- 
toms. URS costs were greater, largely because of its average 2-day hospitalization. 
Patient satisfaction scores were similar for the two modalities. 

Percutaneous antegrade ureteroscopy is an alternative approach for proximal 
ureteral stones. Basiri et al. [49] randomized 150 patients to URS, PCNL or laparo- 
scopic ureterolithotomy [49]. There was no significant difference in stone-free rates 
between URS and PCNL (76 % vs. 86 %, p- 0.2). Eighteen percent of patients that 
had PCNL had persistent urinary leak >3 days beyond surgery. The stone-free rate 
for the laparoscopic approach was 90 96, however two patients required conversion 
to open surgery and eight patients (18 %) had a persistent urinary leakage. 

Sun et al. [50] compared retrograde URS with “mini” percutaneous antegrade 
ureteroscopy for impacted proximal stones [50]. Antegrade URS was performed 
with an 8Fr or 9.5Fr semi-rigid scope through a small access channel. The average 
stone size was 14.6 mm. A higher stone-free rate was noted for the antegrade 
approach (100 % vs 86.4 96, p 0.02), however operative times, hospital stay, and 
return to normal activities was significantly greater for this group. Minimally- 
invasive methods to perform antegrade stone treatment for this challenging patient 
population continue to be investigated [51, 52]. 

Matlaga et al. conducted a systematic review in 2012 of randomized controlled 
trials [53]. This study deliberately separated studies that utilized the HM3 litho- 
tripter and subsequent generation devices due to the noted differences in results 
[54]. Relevant findings for proximal stones included a greater probability of being 
stone free with URS than SWL with HM3 (RR 1.35) and other lithotripters (RR 
1.15). The chance of re-treatment, notably, was much higher with HM3 and other 
SWL devices (RR 0.14 and RR 0.08, respectively, compared with URS). URS had 
a higher likelihood of complications than either SWL modality. 


Shockwave Lithotripsy for Proximal Ureteral Stones 


Consideration of the performance of the new third-generation lithotripters may help 
to provide a clearer understanding of the current state of modern SWL. As noted 
above, the Dornier HM3 delivered consistently high stone-free rates. Second gen- 
eration devices offered improved portability and decreased anesthetic requirements 
but sacrificed treatment efficacy. Third-generation devices have been associated 
with an overall improvement in outcomes while maintaining the decreased anes- 
thetic requirement and faster convalescence. 
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Neisius et al. [55] evaluated the Siemens Lithoskop device for ureteral and renal 
stones [55]. Amongst stones less than 10 mm, the overall success rate was 95 96 
after an average of 1.3 treatment sessions. When all treated stones were considered 
(size range 4—25 mm), a 93 96 stone free rate after an average of 1.4 sessions was 
reported. Nearly 80 % of patients were stone free after a single treatment. 

These results are in keeping with those reported in other studies of third- 
generation devices over the last half-decade (Table 4.2). Stone-free rates for proxi- 
mal stones ranged from 85 to 97 96. Treatment sessions required ranged from 1.2 to 
1.4. It should be noted those studies that reported higher retreatment rates featured 
more aggressive thresholds for re-treatment (i.e. treating all residual fragments 
>4 mm) in comparison to studies that followed a more conservative approach (i.e. 
trial of passage for stones «5 mm). Importantly, these studies reported mean stone 
burden less than 10 mm. 

These findings indicate that in a properly selected population, SWL for proximal 
stones with third-generation lithotripters yields good treatment success rates 
(Table 4.3). 


Ureteroscopy for Proximal Ureteral Stones 


Consideration of recent studies with URS and holmium laser demonstrate consis- 
tently excellent treatment success rates. 

Perez Castro et al. [36] reported of an international multi-center prospective 
study evaluating the outcomes of URS on nearly 10,000 patients between 2010 and 
2012. This large data set, which acquired information from low and high volume 
centers as well as community and teaching hospitals, provides perhaps the most 
representative depiction of todays' treatment landscape. Notable findings from this 
study included an overall stone free rate of 84.5 % for proximal stones (n - 2,656). 

Approximately eighty percent (80.6 96) of patients had postoperative stents 
placed following ureteroscopy. Ureteral perforation (0.7—1.6 % depending on stone 
location) was the most common significant intraoperative complication and ureteral 
avulsion was a rare event (0.1—0.3 96). Postoperatively, fever was the most common 
complication (1.3—1.5 96), followed by UTI (0.6-1.0 %), while the incidence of 
sepsis was rare (0.1—0.5 96). 


Mid-ureteral Stones 


The mid-ureter is traditionally defined with borders between the upper and lower 
border of the sacrum. The prominence of pelvic bone in this location makes local- 
ization of calculi during SWL challenging. No randomized trials were identified 
that compared treatment modalities for stones in the mid-ureter. 

Overview of recent reports for SWL and URS indicate that both modalities are 
able to achieve good stone-free rates. Recent studies of third generation lithotripters 
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for the treatment of mid-ureteral stones revealed stone-free rates between 82 and 
100 %. Notably, these series were conducted primarily on smaller stones ranging in 
size between 8 and 10 mm. The mean number of treatments ranged from 1.3 to 
nearly 1.5. 

In a recent large, multicenter report, treatment of mid-ureteral stones had an 
89.4 96 overall success rate [36]. Interestingly, treatment of these stones was associ- 
ated with the greatest incidence of ureteral perforation (1.6 %) compared to stones 
in other locations. Perhaps contributing to this higher complication rate was that 
64 96 of these patients had impacted stones. 


Distal Ureteral Stones 
Comparison Between Shockwave Lithotripsy and Ureteroscopy 


A total of five randomized-controlled trials were identified that compared URS to 
SWL for distal ureterolithiasis. The most recent of these provided a prospective com- 
parison between a third-generation lithotripter and URS with holmium laser. In this 
study, Verze et al. (2010) randomized 273 patients to SWL or URS. [56] Mean stone 
size was 10 cm. Overall stone-free rates were similar (SWL 92.7 96 vs. URS 94.8 96) 
however the re-treatment rate for SWL was significantly higher (44.8 96 vs. 7.8 96, 
p «0.05). In comparison to smaller stones, patients with stones greater than 1 cm had 
a higher SWL re-treatment rate (80.3 % vs. 12.1 96), need for auxiliary procedures 
(19.7 96 vs. 3.0 96) and complication rate (27.9 96 vs. 7.2 96). These findings suggest 
SWL for distal stones «1 cm is a good option but URS is better for stones >1 cm. 

Matlaga et al. compared the five randomized controlled trials in a meta-analysis 
[53]. Their findings indicated that following a single treatment, URS had similar 
stone-free rates to SWL with the HM3 lithotripter, however, when SWL was per- 
formed with non-HM3 devices, URS had significantly higher success rates (RR 
1.55, 95 96 CI 1.13-2.56). In addition, patients treated with URS were nearly seven- 
times less likely to require re-treatment (RR 0.14). Complication rates were nearly 
30 % higher with URS but this value was not statistically significant. It is important 
to keep in mind that these findings are derived from four studies from 1999 to 2002 
and one from 2010. Therefore, the applicability of the findings may be limited in the 
modern day. 


Shockwave Lithotripsy for Distal Stones 


Specific analysis of third-generation devices over the last 5 years demonstrate a 
stone-free rate ranging from 85 to 98 % with fewer treatment sessions needed in 
comparison to proximal and mid-ureteral stones (1.2—1.22). These studies are lim- 
ited to stones less than 10 mm and, taken together, suggest that SWL can be an 
effective treatment option for smaller distal ureteral stones. 
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In women of childbearing age, SWL is typically not considered a treatment 
option for distal stones due to the theoretical risk of damage to the female reproduc- 
tive tract and ovaries. Although no demonstrated effect on fertility has been reported, 
most centers either avoid use of SWL in this population or ensure that detailed 
consent is obtained from these patients prior to the procedure [57, 58]. 


Ureteroscopy for Distal Stones 


As has been mentioned above, the advancements in technology for URS have 
allowed for a more consistent and safer procedure. Elashry et al. [59] demonstrated 
this in their report of 5,133 URS procedures where they compared results from 
patients treated between 1991 and 1995 to those treated thereafter. Intraoperative 
and postoperative complication rates were significantly lower, (4.1 96 vs. 15.1 96 
and 8 96 vs. 16.1 %, respectively, p «0.001) and stone-free rates were over 10 % 
better (97.3 % vs. 85.7 96, p « 0.001) for those treated in the later group [59]. 

The Perez Castro et al. [60] international multi-center prospective study demon- 
strated a similarly high stone-free rate of 94.2 % for distal stones (n=4,479). 
Ureteral perforation (0.7—1.6 % depending on stone location) was the most common 
significant intraoperative complication and avulsion a rare event (0.1—0.3 46). 
Postoperatively, fever was the most common complication (1.3—1.5 96), followed by 
UTI (0.6—1.0 96), while the incidence of sepsis was rare (0.1—0.5 96) [60]. 


Special Considerations 
Pregnancy 


Symptomatic ureterolithiasis is the most common non-obstetric reason for hospital- 
ization during pregnancy. The incidence is reported to be as high as 1 in 200 preg- 
nancies [61]. There is an increased risk of stone formation in these patients due to 
increased renal handling of calcium, salt and uric acid [62]. Placental production of 
vitamin D further enhances the hypercalciuria of pregnancy. Lastly, hormone- 
mediated dilation of collecting system during pregnancy is hypothesized to facili- 
tate migration of renal stones into ureter [63]. 

Acute stone episodes pose a risk for the pregnant patient. The stress of the event 
elevates the risk of pre-term labor, premature rupture of membranes and preterm 
delivery [64]. While 70—80 % of women will experience spontaneous stone pas- 
sage, 20—30 % require intervention. 

Urinary tract decompression without stone treatment is the traditionally espoused 
course of action for women that require intervention [6]. Yet the altered physico- 
chemistry of urine during pregnancy can precipitate rapid stent encrustation, thereby 
requiring exchange nearly every 4—6 weeks. Indwelling stents also facilitate the 
development of bacteriuria and urinary tract infection. In light of these concerns, it 
is important to consider stone treatment in appropriately selected patients. 
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SWL is not a feasible option during pregnancy due to the risk of harming the 
fetus with fluoroscopy and shockwaves. URS, however, is safe and effective in this 
population. The holmium laser minimizes tissue penetration, limiting the risk of 
injury to the fetus. Combined spinal and local anesthesia has also been reported to 
be successful in recent reported studies. 

Laing et al. [61] reviewed the last ten years of URS stone treatment in pregnant 
women [61]. A total of 116 patients from 15 studies were considered in their analy- 
ses. The combined treatment success rate was 86 %. Complications were rare, with 
a low rate of UTI (4 %) and a very low rate of severe complications such as ureteral 
perforation and premature uterine contractions (0.8 % each). 

Safe URS with minimizing anesthesia appears to be achievable in this population 
as well. 23.4 % (23/98) of patients received general anesthesia, while the other 75 
patients (76.5 96) received only local and/or spinal anesthesia. No anesthetic com- 
plications were reported. 

While it is important to consider the possibility of publication bias limiting the 
publication of studies with unfavorable results, based upon the available literature, 
it appears that URS can be a safe and effective treatment option for pregnant women 
with stones. 

Alterations in urinary composition and urinary tract anatomy facilitate stone for- 
mation and passage in pregnant women. The standard of care for treatment of symp- 
tomatic ureterolithiasis in pregnant women is urinary tract decompression, however 
frequent stent exchange due to rapid encrustation is common. URS is a viable treat- 
ment option for these patients and can be performed safely with minimal 
anesthesia. 


Pediatrics 


Ureteral stones in pediatric patients present a unique challenge. 

To begin, accurate characterization of stone burden and location is often limited 
due to concerns about radiation exposure. Ultrasound and plain film x-ray are the 
typical imaging studies obtained. While ultrasound features a high sensitivity for 
detection of hydronephrosis and renal stones, its sensitivity for identifying ureteral 
stones is only 45 % [65]. Ultrasound also often overestimates stone size, especially 
for stones less than 5 mm. 

Plain film x-ray provides more accurate information on stone size and location, 
however radio-opaque calculi are only identified in approximately 40-60 % of 
cases [66]. 

Given this, urologists can encounter significant uncertainty in the management 
of these patients. While computed tomography imaging offers greater sensitivity 
and specificity for detection of ureterolithiasis, there is hesitancy to obtain this due 
to radiation risk. However, several recent studies characterize the risks of CT to be 
minimal in comparison to the benefit [67]. Thus, when clinically indicated, CT scan 
should be obtained. 

When deciding whether to allow a trial of passage, it is important to consider that 
children have a narrower ureter than adults. Thus, in comparison to the typical 
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threshold of 5 mm for adults, the likelihood of stone passage is significant lower 
amongst stones less than 5 mm [68]. 

Medical expulsive therapy is an important therapeutic adjunct in pediatric 
patients. A randomized study that compared 30 children taking tamsulosin to 30 
children taking placebo reported a significant improvement in passage rate (88 96 vs 
64 %) and time to stone passage (8.2 vs 14.5 days) [69]. Less pain and need for 
analgesics was noted. No significant adverse effects were reported. 

SWL stone free rates have, in general, been higher for children than adults, with 
success rates ranging from 80 to 95 96 after an average of 1.5 treatment sessions 
[70]. This higher success rate is attributed to two factors. First, children are gener- 
ally thinner than adults and therefore have a shorter distance through which shock- 
wave energy can be attenuated. In addition, children are also better able to pass 
residual stone fragments. This is believed to be due to increased ureteral elasticity 
and distensibility. The long-term consequences of SWL in children are uncertain. 

While SWL was adopted early on in children, the use of URS was limited. Large 
instruments and limited experience raised concerns about ureteral injury and vesico- 
ureteral reflux. However, miniaturization of ureteroscopes and the overall improve- 
ment in technology has allowed for greater experience with URS. High treatment 
success rates, ranging between 85 and 100 % for distal stones and 88—100 % for 
proximal stones have been reported [70]. Also, in comparison to single-session SWL, 
one randomized study noted a significantly higher SFR with URS (94 % vs 43 96) 
[71]. In addition, low rates of stricture and vesicoureteral reflux have been reported 
(0—1.7 % and 0-8 %, respectively), helping to allay initial concerns. Importantly, all 
reported cases of VUR were grade 1 and resolved spontaneously [72]. 


Take Home Points 

* The likelihood of spontaneous passage of ureteral stones is high with 
stones «3 mm in size 

* Medical expulsive therapy improves the likelihood of stone passage and 
increases stone passage rates. 

* SWL is especially effective in the pediatric population, which has the 
advantage of greater ability to pass residual fragments and generally a 
leaner body habitus compared to adults. 

* URS has a high single-session success rate. The incidence of ureteral 
injury or other major complications are low, with the utilization of small 
instruments and adjunctive devices available today. 
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Chapter 5 
Observation and Medical Expulsive Therapy 


Sara L. Best 


Introduction 


The prevalence of nephrolithiasis has been estimated at 1—15 96, with 10—15 96 
of Americans receiving this diagnosis over the course of a lifetime [1]. In 2000, 
it was estimated that over $2 billion was spent on the treatment of urolithiasis, a 
46 96 increase from 1994 expenditures [2]. Much of the morbidity of kidney stone 
disease pertains to the risks associated with ureterolithiasis, including renal colic 
and the potential for long-term renal damage from obstruction. Prior to the advent 
of safe and effective minimally-invasive surgical therapies for ureteral stones, the 
only alternative to spontaneous stone passage was frequently open ureterolithot- 
omy. With the rise of endourology and techniques such as shockwave lithotripsy, 
ureteroscopy, and percutaneous nephrostolithotomy, the morbidity of stone surgery 
has dramatically decreased, but there remains a role for a non-surgical approach in 
many cases. Miller and Kane, for example, found that 83 96 of stones passed sponta- 
neously without intervention [3]. While stone passage rates can be favorable, there 
remains room for improvement to avoid surgical morbidity and cost, leaving a role 
for medical expulsive therapy (MET). Additionally, though a stone may ultimately 
pass, there can be prolonged morbidity such as pain, risk of infection, and lifestyle 
disruption during the passage interval. Thus therapy to improve time to stone pas- 
sage is also desirable. The following chapter will review the physiology of ureteral 
obstruction as well as the observational and medical expulsive therapeutic agents 
and literature. 
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Observation without surgical intervention is often a reasonable initial approach to 
ureterolithiasis, as most small ureteral stones will pass spontaneously without surgi- 
cal intervention. A meta-analysis conducted by the American Urological Association/ 
European Association of Urology Nephrolithiasis Guideline Panel estimated that the 
median probability of stone passage was 68 % for stones <5 mm (n 224) and 47 96 
for those >5 and <10 mm (nz104) in size [4]. Other studies have suggested even 
higher rates of passage, particularly for distal ureteral stones. Ibrahim and colleagues 
reported stone passage rates of 71—98 96 for stones «5 mm in size [5]. The majority 
of stones pass spontaneously within 4—6 weeks. This was demonstrated by Miller 
and Kane, who reported that of stones <2 mm, 2-4 mm and 4-6 mm in size, 95 96 
of those which passed did so by 31, 40, and 39 days, respectively [3]. Notably, the 
majority of the stones in this study were found in the distal ureter. 

One of the feared complications of conservative management of ureteric stones 
is the "silent loss" of renal function. Andren-Sandberg prospectively monitored 
renal function with radioisotope renography in 358 consecutive patients with ure- 
teral stones until each patient was stone-free [6]. He reported impaired renal func- 
tion at presentation in 91 patients. In 24 of these patients — 7 % of the total series — the 
impairment was still present after the latest examination, on average 17 months after 
stone clearance, though the author noted the degree of impairment to be mild in 
most cases (numerical data not provided). The study found that the patients most at 
risk for persistent loss of renal function were patients with large stones, long dura- 
tion of stone presence in the ureter, elderly patients and women. 

Kelleher and coauthors also studied the impact of ureteral calculi on renal 
function by obtaining ?"Tc-DTPA renography in 76 patients with ureteral stones 
«10 mm [7]. All patients were found to be obstructed at the time of admission on 
intravenous urography (IVU). They obtained nuclear scans within 24 h of admission 
then every 72—96 h until the stone had passed or the obstruction surgically relieved. 
Follow up scans were obtained 3 months after discharge and no patient was left 
obstructed >7 days. Interestingly, only 51 96 of patients were still obstructed on the 
renographic study obtained within 24 h of the IVU, highlighting the dynamic (and 
potentially unpredictable) nature of obstruction from ureteral stones. The authors 
found that renal split function returned to normal after stone removal in all patients 
but two, both of whom had function «25 96 upon presentation and had been treated 
for large stones in the past which may have caused the renal damage. 

Roberts and colleagues retrospectively evaluated 21 patients with ureteral 
stones that had been impacted for 2-48 months (mean 8.8 months), described as a 
"series of *worst-case' obstructions" [8]. Follow-up IVU or isotope renography 
revealed ureteral strictures in five patients (24 96), all of whom had had at least 
5 months of impaction (mean 11 months). Additionally, four-fifths of these patients 
had a history of iatrogenic ureteral perforation from failed prior intervention. In the 
other 16 patients, intravenous urography or nuclear-medicine studies were normal 
after stone removal. 
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Hubner et al. found the risk of complications including ureteral stricture, sepsis, 
and increased technical difficulty during subsequent surgical treatment reached 
20 % when symptoms exceeded 4 weeks in duration, compared to 7 % [9]. 

Most authors recommend that a trial of stone passage, with or without MET, 
should be limited to 4—6 weeks even in the patient with well-controlled symptoms 
due to the risk of renal damage or other complications [10, 11]. Additionally, toler- 
ance of complications from unpassed stones has understandably diminished as sur- 
gical therapies for ureteral calculi have become more successful and less morbid. 


The Physiology of Ureteral Contractility 


Prior to delving into the potential targets for medical expulsive therapy, it is help- 
ful to understand the normal conduction of urine from kidney to bladder and the 
physiologic response to obstruction, such as from a ureteral calculus. The collecting 
system and ureter contain syncytial-type smooth muscle, which depend on cell- 
to-cell transmission of excitation via neurotransmitters rather than neuromuscular 
junctions. The smooth muscle cells depolarize, calcium flows into the cells and 
contraction occurs. Thus, upper tract peristalsis can occur in the absence of innerva- 
tion. Contractions in the calices and renal pelvis are more frequent and stronger than 
those in the ureter and this is thought to promote the antegrade flow of urine [12]. 
Pacemaker cells in the renal pelvis are thought to regulate this process. 

While upper tract contractility is not dependent on innervation, both the para- 
sympathetic and sympathetic autonomic nervous systems influence ureteral activity 
[13]. Alpha receptor stimulation triggers ureteral contraction while beta receptor 
stimulation promotes relaxation. 

The physiologic response to unilateral ureteral obstruction is time dependent. In 
the first 1—2 h, renal blood flow increases and there is a build-up of urine that cannot 
bypass the obstruction, resulting in increased pressure within the collecting system. 
This pressure eventually declines around 5 h after obstruction as renal blood flow 
declines [14]. In response to the high pressure, the ureteral wall expends its force 
to maintenance of wall tone and cannot generate peristalsis, resulting in the loss of 
active transport of urine [15]. Both ureteral length and diameter increase in proxi- 
mal to the site of obstruction [16]. 

The main physiologic reactions thought to slow or prevent ureteral stone passage 
include ureteral spasm and edema induced by the presence of a calculus. These 
reactions present potential targets for pharmacotherapy. An ideal agent would 
reduce ureteral edema and spasm while preserving peristalsis, which is thought to 
promote stone migration. A number of pharmacologic agents with these potential 
actions have been studied in vitro or in animal models. 

Page and colleagues conducted a randomized swine study to evaluate the effects of 
alpha blockade during ureteral obstruction [17]. Twenty-four animals were divided 
into four groups including a control group without a-blockade or ureteral obstruction, 
a group with alfuzosin a-blockade and no ureteral obstruction, a cohort without 
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a-blockade but with distal ureteral obstruction, and a group with o-blockade and 
distal obstruction. Ureteral pressures were then measured. The authors reported a 
significant increase in ureteral pressure and peristaltic rate with distal ureteral obstruc- 
tion. Overall, there was no effect seen in these parameters with medication, but they 
did note a trend towards a decrease in the peristaltic pressure change in the treated 
obstructed group of 0.2 mmHg (95 % confidence interval: 0.55 —0.10; p 0.06). 

Anin vitro investigation conducted by Nakada et al. found that exposure to doxa- 
Zosin reduced spontaneous ureteral contractility in a dose-dependent fashion as well 
as increased relaxation when the ureter was exposed to epinephrine [18]. 

Ames and coauthors also measured porcine ureteral peristalsis in an in vivo 
experiment exposing the ureter to topical theophylline or verapamil [19]. They 
found that theophylline inhibited ureteral peristalsis and verapamil produced acute 
proximal-ureteral dilation of 1.17 mm more than the control (p - 0.03). 

Studies such as these indicate the complexity of ureteral physiology, suggesting 
a potential role for drugs across a wide variety of pharmacologic classes as medical 
expulsive therapy. 


Agents Used as Medical Expulsive Therapy 


Alpha Blockers 


Medications that block o-1 adrenergic receptor activity, commonly referred to as “alpha 
blockers,” are the most-studied medical expulsive agents. This class of drugs, com- 
monly used in the management of symptomatic benign prostatic hyperplasia, is thought 
to improve stone passage rates by inhibiting the o-1 adrenergic receptor-mediated ure- 
teral spasm induced by calculi. A number of agents within this class, both selective and 
non-selective, have been investigated as MET, including doxazosin, terazosin, tamsulo- 
sin, alfuzosin, and silodosin. Studies suggest efficacy of all of these medications in 
promoting stone passage. While doxazosin and terazosin are less expensive than the 
other alpha blockers, the receptor selectivity of the other three agents may lead to fewer 
side effects, such as hypotension or lightheadedness (Table 5.1). Another important side 
effect of this class is Intraoperative Floppy Iris Syndrome, which has been observed 
during cataract surgery even months after discontinuing drug therapy [20]. This syn- 
drome is associated with a higher risk of cataract surgical complications, though modi- 
fications of surgical technique can be helpful if planned for. Initiation of alpha blocker 
therapy should therefore be avoided in patients with upcoming cataract surgery. 

In 2002, Cervenakov and colleagues published the first study of alpha antago- 
nists as medical expulsive therapy to appear in the literature [21]. In this double- 
blinded study, the investigators randomized 104 patients with distal ureteral stones 
to standard therapy or standard therapy plus tamsulosin 0.4 mg daily. While no 
statistical analysis was done, the authors reported improved stone passage rates in 
the group receiving tamsulosin (80 96 vs. 63 96), as well as faster stone passage. 
These findings prompted further investigations into these agents. 
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Since that time, dozens of studies on the effect of alpha blockers on stone passage 
have appeared in the literature, too many to individually review here. The abundance 
of investigations has allowed several meta-analyses to be conducted, summarizing 
the findings of these studies. The outcomes of these meta-analyses can be found in 
Table 5.2. The first meta-analysis published was by Hollingsworth and colleagues in 
2006 [22]. When the authors excluded studies in which patients also received either 
steroids or benzodiazepines, they calculated that alpha blockers were associated 
with a 54 % increase in stone passage compared to control (RR 1.54; P<0.001; 
95 % CI 1.29-1.85). 

The combined American Urological Association/European Association of 
Urology Nephrolithiasis Guideline Panel included a discussion of the role of MET 
in their 2007 Guideline for the Management of Ureteral Calculi [4]. In this docu- 
ment, the panelists summarized a meta-analysis of the six alpha blocker RCTs avail- 
able at that time by stating that alpha antagonists were associated with a 29 % 
absolute increase in stone passage rates compared to control, which was statistically 
significant. 

Beyond improving stone passage rates, alpha blockers may also decrease pain 
associated with ureterolithiasis. Sayed and colleagues randomized 90 patients with 
distal ureteral stones to either analgesia on-demand with diclofenac or tamsulosin + 
analgesia [23]. In addition to an absolute increase in stone passage of 38 %, tamsu- 
losin use was associated with a decrease in number of renal colic episodes (1.5 vs 
2.5 episodes, p=0.003) and a decreased use of analgesics (0.14 vs 2.7 vials, 
p<0.0001). Porpiglia et al. investigated the role of both tamsulosin and corticoste- 
roids in a 2006 study where they randomized 1 14 patients to tamsulosin, deflazacort 
30 mg daily, both, or analgesia only [24]. While both groups taking tamsulosin 
experienced significantly higher rates of stone passage, only the group receiving 
combination therapy with tamsulosin and deflazacort consumed significantly less 
analgesic than the control group (27 mg vs 81 mg diclofenac, p<0.001). 

Finally, medical expulsive therapy with alpha antagonists may speed stone pas- 
sage. De Sio and coauthors randomized 96 patients with distal ureteral stones (mean 
6.4—6.9 mm) to either diclofenac + aescin (control group) or control therapy + tam- 
sulosin [25] They found the stone passage rate at 2 weeks to be significantly higher 
in the tamsulosin group (90 % vs. 59 %, p=0.01) but also noted the alpha blocker 
was associated with faster stone passage (mean 4.4 vs. 7.5 days, p=0.005). Other 
studies have since reported similar findings, summarized by Lu et al. where meta- 
analysis of 16 studies showed a shorter mean expulsion time with alpha blockers by 
3.4 days (95 % CI —4.5 to —2.29 days) [26]. 


Calcium Channel Blockers 


Calcium channel blockers (CCBs) are the most studied medical expulsive agents 
after alpha blockers. CCBs have been shown to inhibit ureteral contraction and may 
inhibit spasm without affecting ureteral peristalsis [27, 28]. Drugs in this class that 
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have been studied as MET include nifedipine, diltiazem, and verapamil, though 
clinical trials have almost exclusively employed nifedipine. 

Most of the early studies of nifedipine as MET included combination therapy 
with an oral steroid agent. For example Borghi and colleagues' study randomized 
86 patients to receive either nifedipine and methylprednisolone or methylpredniso- 
lone alone and found a significantly faster and higher stone passage rates in the 
nifedipine/steroid combination group than steroid alone (87 % vs. 65 96, pz 0.021) 
[29]. Cooper and colleagues reported similar findings comparing nifedipine and 
prednisone to analgesia alone (stone passage rates of 86 96 vs 54 96, p 0.001) [30]. 
The results of similar studies can be found in Table 5.3. 

While most of these early studies suggest efficacy of a CCB/steroid combination, 
more recent studies comparing CCB monotherapy and alpha blockers head-to-head 
have found alpha blockers to be the superior agents. Dellabella and colleagues ran- 
domized patients to phloroglucinol (a steroid), tamsulosin, or nifedipine and found 
tamsulosin to be the most efficacious agent to promote stone passage (97 % vs. 64 % 
and 77 96, p- 0.001 and <0.0001), despite the tamsulosin group having a statistically 
larger stone size [31]. Ye and coauthors had very similar findings in their study of 
3,189 patients, comparing tamsulosin and nifedipine (96 % passage vs. 74 %, 
p«0.01) [32]. The meta-analysis conducted for the AUA Ureteral Stone Guideline 
included four studies and reported that nifedipine was associated with an absolute 
increase in stone passage rates of 8 %, which was not statistically significant.[4] 


Additional Drugs Used for MET 
Non-steroidal Anti-inflammatory Drugs (NSAIDs) 


The prostanoids (prostaglandins and thromboxanes) appear to influence ureteral 
contractility. These mediators are produced by cyclooxygenase (COX) enzymes and 
COX-2, the inducible form, has been found to be induced by mucosal injury and 
stretching of the urinary tract [33]. 

NSAIDs, already frequently prescribed for analgesia in cases of renal colic, are 
an attractive class of medications to study for MET, due to their inhibition of COX 
enzymes. Indeed in vitro, these compounds have been demonstrated to inhibit ure- 
teral contractility [34, 35]. 

However limited placebo-controlled studies of NSAIDs have not shown these 
agents to increase stone passage rates. Studies of non-selective NSAIDs by Kapoor 
et al. [36] (indomethacin) and Laerum et al. [37] (diclofenac) reported decreased 
narcotic use and pain compared to placebo but no improvement in stone passage 
rates or time to stone passage. Phillips and coauthors conducted a placebo-controlled 
double-blind RCT utilizing celecoxib in 53 patients with ureteral calculi «10 mm 
and similarly found no significant different in passage rates or time [38]. This inves- 
tigation, however, reported no significant different in either pain scores or narcotic 
use amongst participants. 
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Steroids 


The anti-inflammatory action of corticosteroids has made them appealing agents to 
use as medical expulsive therapy. Reducing ureteral edema and inflammation could 
promote stone passage. Hydrocortisone has also been shown to inhibit ureteral con- 
tractility in vitro [39]. 

Despite these theoretical advantages, the efficacy of steroids in promoting ure- 
teral stone passage has been unclear. Few studies have randomized patients to ste- 
roid monotherapy and instead most have prescribed corticosteroids in conjunction 
with another expulsive agent such as a calcium channel blocker or alpha blocker, 
making the impact of the steroid unclear. 

Borghi and colleagues randomized 86 patients to receive either methylpredniso- 
lone alone or in combination with nifedipine and found that combination therapy 
was associated with higher stone passage rates (87 % vs. 65 96, p=0.021) [29]. 
There was no placebo group, however, so the independent effect of the corticoste- 
roid could not be assessed. 

An investigation by Porpiglia et al. randomized 114 patients with distal ureteral 
stones (mean 5.8 mm) to the alpha blocker tamsulosin, deflazacort (a steroid), or 
combination therapy for 10 days and compared them to a control group receiving 
only analgesia [24]. Combination therapy proved more effective at improving stone 
passage at 10 days than either tamsulosin or deflazacort alone or placebo (85 % vs. 
60 %, 38 %, and 33 %, respectively, p «0.001). Analgesic consumption was also 
lowest in the combination group (p «0.001). 

Saita and coauthors enrolled 50 patients with larger ureteral stones (mean 12 mm) 
in a randomized controlled trial comparing 10 days of prednisolone (25 mg) plus up 
to 20 days therapy with nifedipine (30 mg) to prednisolone alone [40]. Despite the 
large average stone size, the authors reported stone passage rates of 81 and 68 ^6, 
respectively (p value not reported). 

Despite these studies suggesting steroids may provide a synergistic effect with 
other forms of MET, many of the most recent publications do not include steroid 
therapy. This may be in part due to urologists' relative unfamiliarity with using 
steroid medications and concerns about side effects and dosing. 


Anticholinergic Medications 


The success of alpha-blockers as medical expulsive therapy has sparked an interest 
in other agents known to relax smooth muscle within the urinary tract. Anticholinergic 
medications may be particularly appealing to urologists, given their familiarity and 
comfort with using these drugs for overactive bladder. 

Erturhan and colleagues hypothesized that anticholinergics could promote the 
passage of distal ureteral stones by relaxing the detrusor muscle, particularly the 
intramural tunnel [41]. To this end, they randomized 120 patients with distal stones 
to one of four groups: tamsulosin monotherapy, tolterodine monotherapy, com- 
bination therapy with tamsulosin and tolterodine, or placebo. Both groups taking 
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tamsulosin experienced significantly higher and faster rates of stone passage as well 
as fewer bouts of renal colic than the tolterodine or placebo groups (73 96 and 70 96 
stone passage rate vs 47 % and 40 96). Thus, they concluded that tolterodine pro- 
vided no medical expulsive benefit. 

Lv and Tang also randomized patients with intramural ureteral stones to receive 
tolterodine, tamsulosin, or dual therapy and similarly found that tolterodine alone 
group experienced a lower and slower stone passage rate than the two tamsulosin- 
containing groups [42]. However the tolterodine groups experienced significantly 
less urinary urgency, which can be a symptom associated with intramural stones. 

While studies assessing anticholinergic medications as MET are few and, to 
date, only utilized tolterodine, the role for these drugs in promoting stone passage 
appears limited except as an adjunct in patients with vesical irritability. 


MET and the Pediatric Population 


While the only FDA-labeled indication for tamsulosin remains benign prostatic 
hyperplasia in men, there is precedent in the literature for using alpha-adrenergic 
antagonists in the pediatric urologic population in certain neurogenic bladder and 
voiding dysfunction patients [43]. Despite the success of shockwave lithotripsy and 
the miniaturization of endoscopes that now permits instrumentation of the pediatric 
upper tracts, avoidance of surgery remains desirable in the pediatric population and 
has prompted investigations into using MET in children. 

Tasian and coauthors performed a retrospective case match study evaluating the 
outcomes children with ureteral stones prescribed either tamsulosin or analgesics 
alone [44]. Ninety-nine patients who had received tamsulosin were case matched 
with 99 children receiving analgesia alone. The mean age in this study was older, 
14 years and mean stone size was 4 mm. They reported that 55 % of the cohort tak- 
ing tamsulosin passed their stones compared to 44 % in the analgesia alone cohort 
(p 0.03) and no adverse side effects were noted. 

Mokhless and colleagues randomized 61 children (mean age 8.1 years) with distal 
ureteral stones to receive either tamsulosin or placebo [45]. Dosing of tamsulosin was 
0.4 mg nightly for children older than 4 years and 0.2 mg for younger children. Similar 
to studies in adults, tamsulosin was associated with statistically significant improve- 
ments in stone passage rates (88 % vs 64 96, p « 0.01), time to passage (8 days vs 14.5, 
p «0.001), and pain. They also noted that no patient stopped the therapy due to side 
effects and they concluded tamsulosin was safe and effective as MET in children. 


Who Should Get MET and How Is MET Used 


MET is typically not the best initial treatment choice in patients with a solitary kid- 
ney, significant acute kidney injury, persistent pain or symptoms, or urinary tract 
infection. Also, due to the low chance of stone passage, MET may not be the best 
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single treatment option in patients with large ureteral stones. However MET could 
be considered for use in the interval prior to planned elective surgical intervention 
in patients with well-controlled symptoms despite the low passage rate, given its 
additional impact on pain (discussed earlier). 


Cost of MET 


Issues of cost are complicated to analyze due to considerations of perspective (Cost 
to whom? The patient? The payer? Society?) as well as direct and indirect costs, 
which are not always easy to measure [46]. Despite these challenges, a brief discus- 
sion of cost is merited and timely, given recent political and societal focus on the 
rising costs of health care. Due to the high cost of surgery in the United States, it is 
easy to envision how successful stone passage with medical expulsive therapy could 
be associated with significant cost savings. In their decision tree model analysis, 
Bensalah, Pearle and Lotan reported that MET was associated with a $1,132 cost 
savings over observation in the United States [47]. Indeed, due to the low cost of 
medication (calculated at $28 in their model) compared to ureteroscopy ($4,973), 
MET was associated with cost savings even if the medication only improved stone 
passage rates by 1 96. 

Dauw and colleagues determined that MET is also associated with indirect cost 
savings compared to early endoscopic stone surgery [48]. In their matched cohort 
analysis, the patients treated with medical expulsive therapy had a 6 % predicted 
probability of filing a claim for short-term disability compared to 16.5 96 in the early 
endoscopic stone removal cohort (p « 0.0001). 

Brede and colleagues found that patients seen in the emergency room with renal 
colic who were treated with MET had a lower frequency of adverse outcomes 
(defined as repeat visits, hospitalization, or surgery, 37.7 % vs 53.1 96) and a lower 
mean total cost per patient ($1,805 vs $2,372) [49]. The authors used this informa- 
tion to help support an initiative to increase education of emergency department 
staff on the use of MET. 


Future Directions 


While existing literature shows promise regarding the role of medical expulsive 
therapy, future research may help elucidate which patients may benefit most from 
treatment, as well as determine which drug or combination of drugs is the most 
effective. Other recommendations such as how long of a course of MET to prescribe 
may be further defined. And finally, ongoing research is also taking place to deter- 
mine to role of medical expulsive therapy as an adjunct to surgical therapy such as 
ureteroscopy and shockwave lithotripsy. 
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Take Home Points 

* Many ureteral stones may pass and thus there is often a role for a carefully- 
monitored trial of observation, with or without medical expulsive therapy 

° Ureteral physiology and the response to obstruction is complex, paving the 
way for a variety of medications to potentially manipulate stone passage 

* Alpha blockers appear to be the most-efficacious single agents for MET 

* MET may provide additional benefits beyond increased stone passage 
rates, such as reduced pain episodes 
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Chapter 6 
Shock Wave Lithotripsy for the Treatment 
of Ureteral Stones 


Marcel Hruza and Jens Rassweiler 


Introduction 


According to the American Urological Association (AUA)/European Association 
of Urology (EAU) “2007 guideline for the management of ureteral calculi", 
extracorporal shock wave lithotripsy (SWL) and ureteroscopy (URS) are the two 
primary treatment modalities to manage symptomatic ureteral stones when 
conservative treatment did not lead to spontaneous passage of the stone [1]. Open 
or laparoscopic stone surgery are secondary treatment options. Although open or 
laparoscopic stone surgery are only used in rare difficult cases in industrialized 
countries today, they remain an important alternative in emerging economies and 
developing countries [2]. The efficacy of extracorporeal shock wave lithotripsy for 
the treatment of ureteral calculi has been illustrated in the 1980s at the beginning of 
the SWL era [3]. In western countries, recent technological developments in 
endoscopy have caused an increase of endoscopic treatments for both renal and 
ureteral stones resulting in a decrease of SWL procedures [1]. Will there be a role 
for SWL in the future? 

This chapter analyzes the potential utility and limitations of SWL for ureteral 
calculi, especially in comparison to endoscopic procedures. We will discuss 
which parameters have to be considered to achieve optimal outcomes of SWL, 
which complications lurk from SWL and how the risk of complications can be 
minimized. 
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Performance of SWL for Ureteral Calculi 


Contraindications of SWL 


Contraindications of SWL for the treatment of ureteral as well as renal calculi 
include pregnancy, untreated urinary tract infections, untreated bleeding disorders 
as well as the use of oral anticoagulants, and large aortic aneurysms. 

SWL in a patient with untreated bacteriuria may lead to a febrile urinary tract 
infection or even to urosepsis. Therefore, the urine of every patient should be screened 
for bacteriuria prior to SWL, for example with dipsticks. When bacteriuria is present, 
a urine culture and treatment with appropriate antibiotics is recommended. If the 
patient with bacteriuria has hydronephrosis due to an obstructing ureteral stone, we 
insert a double J stent or a percutaneous nephrostomy at the beginning of the antibi- 
otic treatment to achieve good drainage of the infected urine from the kidney. This 
shortens the time to freedom from infection and minimizes the risk of urosepsis. 

Patients taking oral anticoagulants without an adequate break before SWL treat- 
ment have an increased risk of hematuria and the formation of a hematoma in the 
tissue of the kidney or ureter. If an intermission of the oral therapy with anticoagu- 
lants with or without the use of heparin as an alternative is not possible, we avoid 
SWL and perform a careful ureteroscopy for stone treatment. Ureteroscopy may 
also bear a higher risk of bleeding in this patient group, but due to permanent visual 
control during the procedure, the urologist is able to avoid bleeding actively. 

Treatment of patients with cardiac pacemakers are usually no problem. However, 
cardiology should be consulted prior to the procedure to rule out potential problems 
with a specific pacemaker. If the pacemaker is implanted in the abdomen, the patient 
should not be treated with SWL due to the risk of damaging the pacemaker. 

There is no objective evidence at the moment that SWL of distal ureteral calculi in 
women of childbearing age has a negative effect on the ovaries or the unfertilized eggs 
[4]. Studies comparing spermatic function of men after SWL for distal ureteral stones 
and after SWL for renal or proximal ureteric stones showed reduced sperm count and 
motility in short term control after treatment of distal calculi. However, all parameters 
returned to normal values within 3 months [5]. However, there is a study showing that 
semen characteristics at 3 months remained lower compared to baseline, although 
they were within the normal range [6]. In summary, the effects of SWL on reproduc- 
tion in men as well as in women are difficult to assess because many different vari- 
ables have influence on fertility. Some authors are very cautious and advise women in 
childbearing age and men with intentions towards conception within short term after 
stone treatment to have no SWL procedure for distal ureteral calculi. 


Preparation of the Patient 


Before proceeding with the SWL procedure one has to check if the stone can be 
localized to target the shock wave. At the beginning of SWL in the 1980s, only ultra- 
sound was used. This made the localization of stones in the in the middle third of the 
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ureter almost impossible. The introduction of a dual localization system using 
ultrasound and fluoroscopy resulted in satisfactory localization of radiopaque calculi 
in the mid-ureter [7]. If a reliable localization of the stone is not possible with at least 
one of the two imaging modalities, the stone is not suitable for SWL. Theoretically, 
it would be possible to insert a ureteral catheter during cystoscopy prior to SWL and 
fill the ureter with contrast medium to see a radiolucent stone in the fluoroscopy 
image needed for SWL. However, in daily practice, this approach is too complex 
and one would be more likely to treat such a stone with ureteroscopy. 


Positioning of the Patient Depending on the Localization 
of the Stone 


Bone structures can impede shock waves delivered to a ureteral calculus. Therefore, 
the positioning of the patient has the aim to provide a direct pathway for the shockwave 
to travel from the skin to the stone without passing through bone. The best position of 
the patient depends on the location of the stone and on the type of lithotripter used. 

For calculi in the proximal ureter, the shock wave may be disturbed by the trans- 
verse processes of the vertebrae. In the case of mid-ureteral or distal ureteral stones, 
the pelvic bones may be in the way of the shock wave. 

Most proximal stones can be managed similar to renal stones with the patient in 
the supine position, the shock head is placed beneath the patient and is coupled to 
the skin dorsally. If there is interference with the transverse process of a vertebra, 
the shock head has to be turned to a more lateral position. 

In mid-ureteral and distal calculi, the shock wave has to come from the ventral side 
to avoid disturbance of the shock wave by the pelvis. Using a lithotripter with the shock 
head always positioned underneath the patient, it is necessary to have the patient either 
in a "rotated supine position" or in the prone position for these cases. Some lithotripters 
have the possibility to rotate the shock head around to a position above the table, there- 
fore the shock waves can be applied ventrally with the patient in supine position. 

There are several papers on modifications of the supine and prone positions to 
increase stone free rates in specific stone localizations [8, 9]. However, any modifi- 
cations depend on the stone situation of your individual patient and on the technical 
possibilities of your lithotripter. Proper planning prior to SWL is necessary, a CT 
scan performed prior to the SWL procedure may help to visualize the stone and the 
relevant bony structures. 


Analgesia and Anesthesia 


SWL can be performed with intravenous sedation or other minimal anesthetic tech- 
niques in most patients, while ureteroscopy is routinely performed under general 
anesthesia. Therefore, SWL is beneficial for patients who have a high risk of com- 
plications during general anesthesia or those who do not want to undergo general 
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anesthesia for subjective reasons. However, using only analgesia or sedation during 
SWL, the procedure is not well-tolerated by some patients, resulting in movements 
of the patient during the treatment which reduces efficacy of SWL. Therefore, if a 
patients cannot tolerate SWL with minimal anesthetic techniques well, we advise to 
terminate the treatment session and to re-treat the patients under general anesthesia 
after accurate preparation. 


Ureteral Stenting 


The AUA/EAU Ureteral Stones Guidelines Panel (2007) did not recommend routine 
stenting of the ureter in patients undergoing SWL. Their analysis showed no 
improvement in stone fragmentation or passage of stone fragments when a ureteral 
stent was inserted. However, stent-related morbidity was found to be high when a 
stent was placed [1]. After ureteroscopy, the indications for ureteral stenting are 
ureteral injury, confirmed ureteral stricture, solitary kidney, renal insufficiency or a 
large residual stone burden [1]. 

A large systematic review on ureteral stenting during stone treatment did not 
show a benefit of stenting before SWL treatment of ureteral stones [10]. In a recent 
prospective trial, 60 patients treated with SWL for proximal ureteral stones of 2 cm 
or less were randomized to ureteral stenting or not prior to SWL. There was no dif- 
ference between the two groups regarding stone free rate, number of treatment ses- 
sions per patient und number of shock waves delivered [11]. 

A meta-analysis published in 2011 found a significantly higher incidence of 
lower urinary symptoms after stenting before SWL compared to patients without a 
ureteral stent. However, there were no significant differences in regards to hematu- 
ria, fever, urinary tract infection, pain and analgesia use, nausea and vomiting or 
auxillary treatment between the two groups [12]. 

However, even after SWL or ureteroscopy without complications during opera- 
tion, there may be patients who need a ureteral stent due to early or late complica- 
tions: pain due to hydronephrosis caused by stone fragments or steinstrasse in the 
ureter, urinary tract infection in an kidney with hydronephrosis after stone treatment 
or ureteral stricture formation after stone treatment. 


Adjunctive Medical Treatment 


Selective alpha-1 A-adrenergic antagonists as tamsulosin can be used to decrease the 
force of the ureter as alpha-adrenergic receptors, predominantly alpha-1A and 
alpha-1D, have been detected especially in the distal ureter. There are several trials 
showing better outcomes after SWL plus medical expulsive therapy (MET) with 
tamsulosin. A randomized controlled trial published in 2010 including 166 patients 
after SWL of renal calculi showed significantly improved stone free rates at 
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3 months after using tamsulosin and diclofenac compared to diclofenac alone (73 96 
versus 55 96) [13]. Another randomized controlled trial found a significant decrease 
in the time to stone passage in the group treated with tamsulosin compared to the 
placebo group [14]. A systematic review on MET after SWL by Schuler and cowork- 
ers [15] also showed a significant increase in successful outcomes [15]. In most 
studies, tamsulosin was administered over a longer period of time (30—90 days after 
SWL). Side effects of tamsulosin including decreased blood pressure or ejaculatory 
dysfunction were rare in these studies. 


Stone Free Rates After SWL for Ureteral Calculi 


According to a meta-analysis of the EAU Guidelines on Urolithiasis Panel (2012), 
stone free rates after primary treatment were 86 96/74 % for distal ureteral stones 
«10 mm/>10 mm, 84 90/76 % for mid-ureteral stones «10 mm/>10 mm and 
89 96/70 % for proximal ureteral stones «10 mm/>10 mm (Table 6.1). This data 
shows no significant differences compared to the meta-analysis of the AUA/EAU 
Ureteral Stones Guidelines Panel (2007) [1, 16]. 

The stone free rates after primary treatment with SWL are significantly lower 
than the results of ureteroscopy for distal ureteral stones «10 mm and >10 mm and 
proximal ureteral stones 210 mm. There are no significant differences between 
primary treatment outcomes of SWL and ureteroscopy for mid-ureteral calculi and 
proximal ureteral stones «10 mm [16]. 

Using more than one SWL treatment session, high stone free rates of 96.1 96 for 
proximal, 97.8 96 for mid-ureteral and 97.9 % for distal ureteral calculi have been 
shown. Average number of SWL procedure was 1.37, 1.47 and 1.22 for proximal, 
mid-ureteral and distal ureteral stones [17]. 

Kanao et al. presented preoperative nomograms for predicting stone free rates 
after extracorporal shock wave lithotripsy. Stone length, stone location and number 
of stones were identified as independent predictors for stone clearance in their 


Table 6.1 Meta-analysis of stone free rates (SFR) after primary treatment with SWL and 
ureteroscopy in the overall population (European Association of Urology Guidelines on Urolithiasis 
2012 [16] 


SWL Ureteroscopy 
No. of 

Localization |Size (mm) | No. of patients | SFR (95 96 CI) | patients SFR (95 96 CI) 
Distal ureter | «10 1,684 86 % (80-91) 2,013 97 96 (96—98) 

>10 966 74 96 (57-87) 668 93 % (91-95) 
Mid ureter <10 44 84 % (65-95) 116 93 % (88-98) 

>10 15 76 % (36-97) 110 79 % (71-87) 
Proximal <10 967 89 96 (87-91) 318 84 96 (80-88) 


ureter >10 481 70 % (66-74) 338 81 % (77-85) 
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Table 6.2 Nomograms predicting stone free rates 3 months after single SWL for solitary ureteral 
calculi [18] 

Length of stone (mm) 

<5 6-10 11-15 16-20 220 


Proximal 93.8 (86-91) | 86.6 (81-91) | 76.4 (65-85) 56.7 (37-73) 42.2 (19-64) 
ureter 


Mid/distal 92.3 (81-98) | 83.6 (77-90) 71.8 (59-82) 51.1 (29-71) | 36.9 (16-60) 
ureter 


% (95 % confidence interval) 


analysis. The predicted stone free rates 3 months after single SWL for ureteral cal- 
culi are shown in Table 6.2 [18]. 

Resit-Goren and co-workers calculated the time to stone clearance after SWL for 
ureteral stones: Mean time to stone clearance was 2.2 days for stones <10 mm, 
7.7 days for stones 11-15 mm and 12.2 days for stones >15 mm. Regarding the 
localization of the stone, clearance was achieved significantly faster for distal and 
mid-ureteral stones compared to proximal stones, however, the proximal stones 
were significantly larger than the stones in the two other groups and no multivari- 
able analysis was performed. 93.1 96 of all patients were stone-free 20 days after 
primary SWL treatment, 19.7 patients needed more than one SWL session (2-4), 
6.8 96 of the patients had ureteroscopy for residual calculi [19]. 


Parameters Influencing SWL of Ureteral Calculi 


1. Technical parameters: 


* Type of lithotripter: 

The first generation lithotripter (HM3, Dornier) was developed in the 1980s 
[20]. Today, four generations of lithotripters are on the market. The results of 
studies comparing different generations of lithotripters concerning treatment 
of ureteral calculi are mixed. Gerber et al. compared the results of the first- 
generation lithotripter to a second- and a third-generation lithotripter showing 
higher stone-free rates with the first-generation machine [21]. In contrast, 
Tiselius published higher rates using two third-generation lithotripters, how- 
ever, this study included no direct comparison to the HM3 [17]. Nomikos and 
co-workers presented a comparison of a fourth-generation lithotripter with 
the HM3: the demonstrated comparable results, but fewer analgesics were 
required using the fourth-generation machine [22]. In summary, evidence 
suggests that lithotripters of every generation can be used for treatment of 
ureteral stones with reasonable efficacy. 


* Shock rate: 
A meta-analysis of Semis and co-workers showed that outcomes of SWL with 
60 shocks per minute are superior compared to 120 shocks per minute [23]. A 


6 Shock Wave Lithotripsy for the Treatment of Ureteral Stones 89 


review by Weizer et al. and the randomized, controlled, double-blind study of 
Honey et al. including 163 patients with proximal ureteral stones come to the 
same result [24, 25]. 

Energy of shock waves: 

The energy of shock waves produced by the lithotripter is proportional to 
the kilovoltage (kV) of the shock wave generator. The technique of voltage 
stepping (beginning with lower kilovoltage and stepping towards the maxi- 
mum) has been shown superior compared to a fixed kilovoltage during the 
whole treatment: In vitro studies and clinical trials demonstrated improved 
stone fragmentation and less shock wave-induced damage of renal tissue 
[26-29]. 


2. Influence of stone location on mechanisms of stone fragmentation: 
Using SWL, it is more difficult to treat a stone within the ureter than within the 
renal pelvis or a renal calyx. The physical basics of stone fragmentation provide 
the explanation for this clinical observation. Four effects of SWL on stones can 
be distinguished [30]: 


Compressive fracture: Shock waves generate stress of the stone which cracks 
mainly in areas with imperfections or defects of its molecular structure. As a 
result of his in vitro studies, Eisenmenger proposed a circumferential squeez- 
ing effect of shock waves on a calculus due to the fact that shock waves travel 
faster in stone than in water [31]. 

Spallation: Due to the change in impedance at the stone-water-interface, parts 
of a shock wave are reflected at the posterior surface of the stone where the 
wave leaves the stone. A negative pressure results which leads to tensile stress 
within the stone. 

Cavitation: The shock wave creates bubbles within the water at the stone- 
water-interface. Collapse of these bubbles leads to disposal of energy affect- 
ing the stone. 

Dynamic squeezing: This theory combines the squeezing and spallation 
hypothesis. Parts of the shock wave travel around the stone and the remain- 
ing will travel inside the calculus. The outer part travels slower than the 
inner part which will be also reflected at the backside of the stone. Therefore 
the outer part reinforces the spallation process by squeezing the stone from 
outside. 

All mechanisms of stone fragmentation during shock wave lithotripsy 
arise at the stone-water-interface. In stones impacted in the mucosa of the 
ureter, there is less contact of the stone surface with water. Additionally, in 
case of cracking of the stone, the ureteral walls may hold the fragments 
together not allowing them to shift. 


3. Size of the stone: 
The size of a ureteral stone is an independent predictor of stone clearance after 
SWL as shown earlier (section on: Stone free rates after SWL for ureteral 
calculi). 
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4. Stone composition: 
SWL of calcium oxalate monohydrate stones and cystine stones are more 
likely to fail compared to SWL of other types of stones due to difficulties in 
fragmenting these stones because of their relative hardness compared to other 
stones. Uric acid stones may be difficult to shock as their relative radiolucency 
make them difficult to localize on fluoroscopy. 


SWL of Ureteral Calculi in Special Stone Situations 


1. Obesity: 
High body mass index can result in decreased stone free rates after SWL because 
the distance between skin and stone can be so large that the stone cannot be opti- 
mally brought into the focal zone of the lithotripter. According to a multivariable 
analysis of Perks et al., the success rate of SWL is lower when the distance 
between stone and skin is higher than 9 cm, independent of location and size of 
the calculus [32]. 
2. Ureteric stones in children: 

SWL can be performed in children. However, positioning of the patients may be 
more difficult compared to adults. The meta-analysis of the AUA/EAU Ureteral 
Stones Guidelines Panel (2007) showed comparable stone-free rates for children 
and adults in the distal and proximal ureter. In mid-ureteral stones, clearance 
rates were even higher in the pediatric population compared with adults [1]. 
However, the data for SWL in the pediatric patient must be interpreted cau- 
tiously as it is based on studies with small numbers of patients. A randomized, 
controlled trial of Basiri and co-workers with 50 children randomized to SWL 
and 50 randomized to ureteroscopy showed that both procedures were feasible 
in experienced hands in children at the age of 1—13 years with distal ureteral 
stones. However, efficacy rates were higher in the ureteroscopy group. Two 
patients sustained ureteral perforation during ureteroscopy, other complications 
in both groups were minor [33]. In our opinion, the small size of urethra und 
ureter in young children favors SWL as primary treatment in children with ure- 
teral stones. 


Complications of SWL 


According to the AUA/EAU Ureteral Stones Guidelines Panel (2007), the most fre- 
quent complications of SWL for ureteral stones are steinstrasse with or without 
hydronephrosis, urinary tract infection, sepsis, ureteral injury and ureteral stricture 
formation. Median complication rates showed no significant difference between 
stones in the distal, mid or proximal ureter. Steinstrasse is a typical complication of 
SWL which is not seen after ureteroscopy. The rates of ureteral injuries and stric- 
tures are slightly higher after ureteroscopy compared to SWL. The rates of urinary 
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tract infections and sepsis are similar for both treatment modalities. Serious 
complications such as loss of kidney function, significant ureteral/renal hematomy, 
loss of a kidney and death are rare and thus their incidence is difficult to report [1]. 


Take Home Points 

e SWL and ureteroscopy are first line treatment options for patients with ureteral 
calculi. Prior to undergoing treatment of their ureteral stone, patients should be 
informed about the advantages and disadvantages of both procedures. 

* Contraindications to SWL for the treatment of ureteral calculi include 
pregnancy, untreated urinary tract infections, untreated coagulopathy, and 
large aortic aneurysms. 

* The stone free rates after primary treatment with SWL are significantly 
lower than the results of ureteroscopy for distal ureteral stones <10 mm and 
>10 mm and proximal ureteral stones >10 mm. There are no significant 
differences between primary treatment outcomes of SWL and ureteros- 
copy for mid-ureteral calculi and proximal ureteral stones <10 mm [16] 

* Adjunctive medical treatment with tamsulosin increases stone free rates 
after SWL. Routine stenting of the ureter is not necessary prior to SWL for 
most stones. 
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Chapter 7 
Semirigid Ureteroscopy for Ureteral Calculi 


Michael Maddox, Mary Powers, and Raju Thomas 


Introduction 


There has been a considerable paradigm shift in the management of nephrolithiasis, 
with increasing concentration on minimally invasive treatment options. Ureteroscopy 
remains a mainstay in the treatment of urolithiasis, and patients and urologists alike 
have benefited from significant technologic advancements in ureteroscopic equip- 
ment over the past three decades. 

Given the familiarity of endoscopic procedures, it is not surprising that urologists 
have adopted rigid ureteroscopy as essentially an extension of cystoscopy. In fact, 
Young was the first to report on ureteroscopy in 1912, which was performed with a 
pediatric cystoscope [1]. Since that time, ureteroscopes have evolved from rigid to 
semirigid and finally to flexible scopes in order to improve ureteral and renal access 
while limiting the morbidity of ureteroscopic procedures. 

Initial experience with rigid ureteroscopes involved a 13 French (Fr) diameter 
scope, which utilized a rod-lens system and was pioneered by Richard Wolf Medical 
Instruments [2]. A major limitation of this scope was the inability to bend the scope 
without distorting the visibility or damaging the optics mechanism. This was modi- 
fied by ACMI’s Rigiflex scope in 1985 with the introduction of fiberoptics, creating 
the first semirigid ureteroscope capable of navigating the tortuous course of the 
ureter with better visibility [3]. Improving on this design was Candela Laser 
Corporation's downsizing of the scope, known as a “miniscope” with two indepen- 
dent working channels [4]. Continued improvements on this theme have led to con- 
temporary semirigid ureteroscopes, as well as flexible scopes and digital endoscopes 
affording drastically improved image quality. This in turn has directly contributed to 
safer application of this equipment with better outcomes. 
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Ureteroscopy is the use of an endoscope that can be passed through the lower 
urogenital tract into the ureter. It serves many purposes, including both diagnostic 
and therapeutic. Typically performed under general anesthesia, ureteroscopy allows 
a less invasive approach to treatment of numerous conditions including calculi, stric- 
tures or tumors. Contemporary ureteroscopy is dichotomized based on the instru- 
ments being employed into flexible and semirigid. Newer flexible ureteroscopy 
allows better visualization of the renal collecting system (particularly the lower pole) 
and can gain access to ureters that do not accommodate the semi-rigid ureteroscope. 
However, semirigid ureteroscopy (SRURS) is a long-standing surgical technique 
with a variety of indications as well as advantages over its flexible counterpart. 

The most common use for SRURS is for the treatment of ureteral calculi. The 
endoscope can be passed into the bladder through the urethra and then to cannulate the 
ureteral orifice. While the narrowest portions of the ureter to traverse include the ure- 
terovesical junction, the ureteric crossing of the iliac vessels or the ureteropelvic junc- 
tion, SRURS is often successful at reaching the upper ureter. This in conjunction with 
its working channels facilitates either stone basket extraction or holmium laser litho- 
tripsy of ureteral calculi. Using the working channel of the ureteroscope, basket 
extractors, laser fibers, and pneumatic lithotripters can aid in stone management. 

The size of the ureteral or renal calculi must be taken into account. If a patient 
has persistent renal colic due to ureteral calculi after a trial of spontaneous passage, 
these calculi can be managed endoscopically. Typically stones «10 mm in diameter 
can be safely managed via retrograde endoscopy with SRURS. Location of the 
stone is also a factor as the success of SRURS or ureteroscopy in general can vary 
based on the location, which is discussed later in the chapter [5]. 

Ureteral strictures can result from stone disease, prolonged indwelling ureteral 
stents, or from iatrogenic causes. Ureteroscopic manipulation carries a small risk of 
stricture occurrence itself. However, SRURS can also be used in stricture manage- 
ment to facilitate laser endoureterotomy, endopyelotomy or balloon dilation [6]. 

Ureteral transitional cell carcinoma (TCC) represents a minority of the total cases of 
transitional cell carcinoma. Of those cases of ureteral TCC, the distal, mid and proxi- 
mal ureter experience a frequency of 73, 24, and 3 % respectively in cancer occurrence 
[7]. Diagnosis of these tumors can be performed by SRURS as well as for treatment. 
Small volume, low-grade ureteral tumors can be biopsied as well as fulgurated or 
ablated using SRURS. Surveillance of the upper tracts can also be performed. 

Flank pain secondary to renal colic is the most common cause of abdominal 
pain in pregnant patients unrelated to gynecologic problems [5]. Typically ultra- 
sonography is performed to reduce radiation exposure although IVP, CT and MRI 
are alternative modalities to evaluate for ureteral calculi. Ulvik et al. reported 
good success rates in ureteroscopic stone removal in pregnant patients without the 
need for temporizing internal stents or nephrostomy tubes [8]. Similar studies 
have shown that ureteroscopy has low morbidity to the patient with minimal risk 
of fetal injury [5]. 
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Another population that may benefit from SRURS are those patients with either 
bleeding diatheses or those who are not able to stop anti-coagulation due to other 
medical comorbidities. Watterson et al. demonstrated the safety as well as efficacy 
of using small caliber ureteroscopes with holmium laser lithotripsy to treat upper 
tract stones in such a population [9]. 

The pediatric population can also benefit from SRURS. While children seem to 
be more successful in stone passage from extracorporeal shockwave lithotripsy, 
SRURS can be used as a primary treatment or as a second line treatment for ESWL 
failure [10]. SRURS can be of particular benefit in patients with anatomic abnor- 
malities or specifically hard stones such as brushite or cystine. Smaller uretero- 
scopes are available in 4.5 and 6.0 Fr to utilize in ureteroscopic manipulation. Adult 
sized ureteroscopes can also be used to evaluate the bladder if a pediatric cystoscope 
is unavailable. 

Other more rare uses of SRURS include ureteroscopic ureteral realignment in a 
transected ureter. With combination use of antegrade flexible ureteroscopy and 
retrograde semirigid ureteroscopy Liu et al. were able to successfully realign the 
ureters of eight patients in whom iatrogenic injury had been noted in the immediate 
postoperative period [11]. SRURS can also be of use in the removal or relocation of 
migrated stents that no longer demonstrate a distal curl in the bladder but rather in 
the ureter. We will focus in this chapter on the use of semirigid ureteroscopy in the 
management of ureteral calculi. 


Technique 


Performing semirigid ureteroscopy should be done systematically with care to pre- 
vent any complication or injury. Essential to ensure that semirigid ureteroscopy is 
performed safely is an awareness of the tortuous ureteral anatomy, proximity of 
surrounding structures (particularly the iliac vessels), and segments that are inher- 
ently more susceptible to injury. Patient specific information should be reviewed 
including preoperative imaging studies with attention to any evidence of potential 
stone impaction as well as stone size and location. Additionally, all patients should 
have sterile urine prior to ureteroscopic manipulation to reduce the risk of sepsis. 

Although the endoscopic armamentarium available to urologists today has vastly 
expanded since ureteroscopy was first described, there is some equipment that is 
universally essential to successful ureteroscopy. The standard rigid and flexible cys- 
toscopy sets should be available in addition to a variety of guide-wires, a ureteral 
catheter, balloon dilator, ureteral stents, as well as working instruments for stone 
treatment including a Holmium laser and fiber and stone baskets. A typical set up 
for semirigid ureteroscopy is seen in Fig. 7.1. 

Room set up should mimic that of cystoscopy with ergonomic placement of 
video and fluoroscopic monitors. Normal saline is the preferred irrigation solution 
to limit adverse events as a result of potential systemic absorption during ureteros- 
copy. Pressure irrigation may improve visibility and most commonly is achieved 
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Fig. 7.1 Table set-up for SRURS: / Guide wires, 2 Irrigation tubing, 3 Cystoscope and semirigid 
ureteroscope, 4 Light cord, 5 Video camera (clockwise from top left) 


with a pressure bag or hand-help pump syringe. A Level 1 System can also be used 
to control irrigation as well as to warm the irrigant to body temperature (Level 
NORMOFLO Irrigation Warming Set, Smiths Medical ASD, Rockland, MA, USA). 

Cystoscopy is performed as an initial step to every ureteroscopy to rule out inci- 
dental bladder pathology and facilitate passage of the guide-wire into the ureter 
using fluoroscopy. We prefer to perform semirigid ureteroscopy along side a stiff 
guide wire such as an Amplatz Super Stiff™ wire (Boston Scientific, Natick, MA). 
A stiff wire has the potential benefit of straightening the course of the ureter, which 
is particularly useful in men with a large prostate and J-hook in the distal ureter or 
those with previous reimplants creating a distorted course of the distal ureter. This 
should however be exchanged after a floppy tipped guide-wire such as a Bentson™ 
wire (Cook Medical, Bloomington, IN) is placed into the ureter to limit the possibil- 
ity of ureteral trauma/perforation. 

Once access to the ureter is gained by passage of a guide-wire, this access should 
remain intact as a safety measure until the ureteroscopy procedure is completed. 
The guide-wire should be secured to the contralateral drape with a hemostat, which 
will prevent migration or inadvertent removal. 

Passage of the semirigid ureteroscope should be performed with considerable 
caution as the tip of the scope can easily create false passages in the urethra or 
distal ureter. This is particularly true in the male urethra as the external sphincter 
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Fig. 7.2 Attempting to insert 
semirigid ureteroscope into 
right ureteral orifice below 
guide wire 


and prostate can act as a fulcrum. It is imperative that the urethral and ureteral 
lumen be maintained in the center of the visual field to minimize the possibility of 
a false passage. 

Upon entry into the bladder, the ureteral orifice is located and the scope is passed 
underneath the previously placed guide-wire. This maneuver facilitates passage of 
the scope into the distal ureter utilizing the guide-wire to open the ureteral orifice. 
This maneuver is demonstrated in Fig. 7.2. Occasionally, passing a second guide- 
wire under direct vision through the working channel of the ureteroscope can facili- 
tate traversing the ureteral orifice. Additionally, using pressurized irrigation may 
also help with passage of the scope into the ureteral orifice. However, when per- 
forming SRURS for the treatment of stones, the surgeon must be cognizant of the 
possibility of proximal migration of the stone as a result of the pressurized irriga- 
tion. If resistance is met during passage of the ureteroscope at any point during the 
procedure, the safety of proceeding should be weighed against the risk of potential 
complications. 

Although some caution against use of the semirigid ureteroscope for procedures 
proximal to the iliac vessels, advances in technology of the semirigid scopes can 
allow for safe passage into the proximal ureter in many patients. Obstacles to proxi- 
mal ureteroscopy with the semirigid scope include large muscular habitus (presum- 
ably due to large psoas muscles), previous ureteral surgery, and obesity. If difficulties 
are encountered under these clinical settings, consideration of flexible ureteroscopy 
as an alternative must be exercised. 

In the management of ureteral stones with semirigid ureteroscopy, there are a 
variety of treatment options. Among the instruments in the armamentarium of most 
urologists performing SRURS are various stone baskets, Holmium: YAG lasers 
of different diameters, as well as pneumatic and electrohydraulic (EHL) litho- 
tripters. However, Holmium: YAG lasers have emerged as the standard of care in 
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contemporary endoscopic lithotripsy. Reasons for laser lithotripsy are primarily 
related to improved efficacy and safety profiles. 

Holmium lasers are not limited by stone composition, as they are effective in 
fragmenting all stone types. In addition, compared to EHL and pneumatic devices, 
the holmium laser produces smaller stone fragments during lithotripsy [12]. The 
holmium laser safety profile is significantly better than EHL as the laser energy is 
absorbed in the fluid medium of ureteroscopy and thus can safely be activated at a 
distance of 0.5-9 mm without the risk of ureteral injury or perforation [13]. 

Laser lithotripsy may be performed utilizing two different techniques depending 
on the stone size and characteristics. For the smaller stone, it is beneficial to “paint” 
or "dust" the stone with the laser fiber, essentially removing the outer borders of the 
stone as dust fragments. This can be done to completion, or if preferred, the stone 
may be reduced in size using this technique until amenable to stone basketing the 
fragments of the stone. In the setting of larger stones or impacted ureteral stones, the 
ureteral stone is typically fragmented into several pieces by using the laser to split 
the stones into halves. Once this is achieved, either the stones may be basketed or 
further fragmented using the “paint” technique. 

There are a number of stone retrieval devices available for removal of stones or 
stone fragments during ureteroscopy. Many of these devices are Nitinol-based stone 
baskets, which are our preferred stone retrieval device. There are many variations of 
these devices, which are primarily tipless baskets or grasping devices, which com- 
bine the abilities of conventional stone baskets with those of three-prong graspers. 
These stone retrieval devices are discussed in more detail elsewhere in this book. 

Whether it is necessary to leave a stent following semirigid ureteroscopy is a 
matter of some debate. At our institution, this decision is determined by individual 
surgeon preference, and characteristics of the patient and ease of the procedure 
weigh heavily on the ultimate decision to use a ureteral stent. There is level one 
evidence to support that after uncomplicated semirigid ureteroscopy, there is no 
benefit to ureteral stent placement. In fact, much of the literature demonstrates an 
increased incidence and severity of postoperative pain, increased analgesic use, and 
bothersome voiding symptoms in those patients who are stented following ureteros- 
copy [14, 15]. 


Tips and Tricks of Semirigid Ureteroscopy 


In the event of difficult access to the ureter, there are a number of potential tricks 
that may aid in the passage of the ureteroscope [16]. One such technique involves 
the use of an additional guide-wire through a working channel of the ureteroscope. 
This “railroad” technique may enable the ureteroscope to be more precisely guided 
into the distal ureter and facilitate passage of the scope as seen in Fig. 7.3. This may 
be of particular use when manipulating the ureteroscope proximal to the iliac ves- 
sels, and may overcome some patient-specific anatomical challenges such as the 
large psoas muscle mentioned previously. 
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Fig. 7.3 The railroad 
technique: one guide wire is 
seen adjacent to the SRURs. 
The second guide wire is 
inserted through the working 
channel of the ureteroscope, 
mimicking a "railroad track” 


Another technique, particularly in females and children, is the use of serial fas- 
cial dilators up to 10Fr passed over a guide-wire under fluoroscopic guidance in 
order to dilate the ureteral orifice. The fascial dilators are inexpensive and have a 
good balance of tip flexibility as well as rigidity to safely dilate the ureteral orifice. 
In the male patient, it is our experience that the use of a balloon dilator is the pre- 
ferred and safest method for dilating the ureteral orifice. This can be done either 
under fluoroscopy, direct vision, or a combination of the two. If either of these 
techniques does not allow passage of the scope, one may consider passage of a ure- 
teral stent to allow for passive dilation and return for ureteroscopy at a later date. 

Occasionally poor visualization is an issue when performing SRURS. In this 
event, any instrument within the working channel of the ureteroscope should be 
removed to identify this as an impediment to the inflow of irrigation. If this is not 
the source of the poor visibility, ensure that the scope is not bent using fluoroscopy, 
which may limit the irrigation potential. Irrigation with the use of a pressurized bag 
may be utilized to help improve visibility within the ureter, and this practice is our 
preferred method during ureteroscopy. Alternatively, an assistant may use the Single 
Action Pumping System™ (Boston Scientific, Natick, MA). This gives the surgeon 
control of the irrigation pressure and can be used when needed. When utilizing pres- 
surized irrigation, the surgeon should be cognizant of the potential for ureteral stone 
migration as well as pyelovenous backflow, and therefore, the least amount of pres- 
sure necessary should be employed. 

In the event of impacted stones, it may be difficult to gain access to the more 
proximal ureteral segment with the guide-wire. In this circumstance, our algorithm 
typically involves passage of a 5Fr ureteral catheter just distal to the stone. We then 
use an angled GlideWire to gently attempt traversing the impacted stone. If this is 
unsuccessful, one may inject some viscous lidocaine through the ureteral catheter in 
an attempt to lubricate the ureter in order to facilitate passage of the guide-wire. 
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Occasionally a stone may be grasped using a ureteral stone basket device without 
the ability to subsequently remove the stone or dislodge the stone from the basket. 
In this circumstance, the surgeon should disassemble the basket extracorporeally, 
which usually allows for removal of the basket after dislodging the stone from the 
basket. In the event that this is unsuccessful, the disassembled basket should be left 
within the ureter and the scope removed carefully. Subsequently, the semirigid ure- 
teroscope may be passed alongside the basket and a laser fiber can be used to frag- 
ment the stone lodged within the basket. This should facilitate removal of the stone 
basketing device and hopefully the stone fragments. 


Outcomes 


Efficacy of semirigid ureteroscopy is measured by complete treatment of urolithia- 
sis in the absence of adverse events. Non-uniform reporting plagues the urologic 
literature on outcomes with ureteroscopy, and thus conclusions drawn from the 
available series should be interpreted with some caution or at least awareness of the 
considerable heterogeneity of procedure and patient characteristics. In addition, the 
success of ureteroscopy varies considerably with respect to stone size and location, 
stone composition, type of ureteroscope used (semirigid versus flexible or a combi- 
nation), lithotripter (laser, electrohydraulic, pneumatic), and surgeon experience. 
We discuss the available stone-free rates reported in contemporary literature. 

In 791 semirigid procedures, El-Nahas et al. achieved a stone-free rate (SFR) of 
87 % after a single operation for ureteral stones. Using a multivariate analysis, prox- 
imal ureteral location, stone impaction, stone width, and surgeon experience were 
independent predictors of unfavorable results (defined as residual stone or compli- 
cation with the procedure) [17]. In a prospective, randomized trial of shock wave 
lithotripsy versus ureteroscopy for distal ureteral calculi, 29 of 32 patients in the 
semirigid ureteroscopy cohort were rendered stone free (90.6 %), with the remain- 
ing three patients being asymptomatic but without radiographic assessment of stone 
treatment efficacy [18]. Using a pneumatic lithotripter and semirigid ureteroscope, 
Aghamir et al. found an overall SFR of 89.5 96 in 362 procedures with a mean stone 
size of 10.4 mm. However, the analysis included distal, mid, and proximal ureteral 
stones of all sizes with significant variation of success based on size and location, 
with the highest success rates being seen with distal stones less than 10 mm (97.4 96) 
[19]. Similarly, Sozen et al. reported on 500 patients undergoing SRURS for ureteral 
stones regardless of location. They quote an overall SFR of 94.6 96, with improved 
results with smaller stones («10 mm 97.1 96 versus »10 mm 83.7 96 SFR) [20]. 

Although SFRs may be enhanced with the use of flexible ureteroscopes, Wu et al. 
demonstrated the feasibility of SRURS alone in the treatment of proximal ureteral 
stones, with a SFR of 83.2 %. When these stones were broken down into «10 mm and 
210 mm, SFRs were 91.1 and 76.8 % respectively [21]. Using semirigid ureteroscopy 
for larger proximal ureteral stones (mean 18.5 mm), SFR was diminished considerably 
to 35 % demonstrating the impact of patient characteristics on successful outcomes [22]. 
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When pooling the results of semirigid and flexible ureteroscopy, there is generally 
an improvement in reported overall SFR. With a mean stone size of 11.3 mm in 598 
patients, use of SRURS below the iliac vessels and flexible ureteroscopy proximal 
to this, there was an overall SFR of 97 % in one series [23]. In a similar study 
focused on only proximal ureteral stones, 32 patients with a mean stone size of 
8.3 mm were rendered stone-free in 96.8 96 of cases using both flexible and semi- 
rigid ureteroscopy [24]. 

The Clinical Research Office of the Endourological Society (CROES) prospec- 
tively collected data on 9,681 patients undergoing ureteroscopic stone treatment in 
the Ureteroscopy Global Study. Stone free rates for distal, mid, and proximal ure- 
teral stones were 94.2, 89.4, and 84.5 % respectively [25]. In a similar collective 
effort, the European Association of Urology and American Urological Association 
updated their guidelines on the management of ureteral calculi. Using pooled data 
of all ureteroscopy techniques via a meta-analysis, overall SFRs (independent of 
stone size) for distal, mid and proximal ureteral stones were 94, 86, and 81 96 
respectively [5]. Although success may vary based on stone size, location and expe- 
rience among other parameters, semirigid ureteroscopy offers excellent stone free 
rates when used in the treatment of ureteral calculi. A summary of the above- 
mentioned studies is shown in Table 7.1. 


Complications 


Contemporary ureteroscopy has imparted improved patient safety with the advent 
of smaller caliber scopes with improved optics, digital ureteroscopes, holmium 
lasers for intracorporeal lithotripsy, and advances in adjunct instruments such as 
nitinol stone baskets. Despite these advances however, semirigid ureteroscopy car- 
ries inherent risk of complications that can vary from minor to more complex prob- 
lems. Inability to start the procedure can occur when benign prostatic hyperplasia or 
other abnormal anatomy distorts the trigone making cannulation of the ureteral ori- 
fice difficult or in some cases impossible. Similarly, stenotic ureteral openings may 
require ureteral dilation or placement of a ureteral stent with delayed ureteroscopic 
intervention. 

Complications can be classified as immediate or intraoperative, perioperative, or 
delayed. Ureteral injury is the most obvious intraoperative complication encoun- 
tered with semirigid ureteroscopy. Iatrogenic ureteral injury can range on a spec- 
trum from mucosal abrasion to false passage or ureteral perforation. The most 
severe manifestation of ureteral injury is complete disruption and intussusception of 
the ureter, which can occur with aggressive stone basketing or proceeding with ure- 
teroscopy despite identification of a more minor ureteral injury. 

SRURS can result in de novo renal obstruction with postoperative edema from 
instrumentation or ureteral stricture formation. Conversely, new onset of vesicoure- 
teral reflux has also been described [26]. Postoperative obstruction and ultimately 
renal function deterioration is the primary concern, and it is generally our practice 
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Table 7.2. Complication rates based on location of ureteral stone after URS [5, 26, 28, 29] 


Proximal ureter (46) Middle ureter Distal ureter 
Sepsis 4 4 2 
Steinstrasse 0 
Stricture 2 4 1 
Ureteral injury 6 6 3 
UTI 4 2 4 
Subcapsular hematoma 0.36 0 0 


to selectively obtain a renal ultrasound 4—6 weeks following ureteroscopy to ensure 
there is no silent obstructive process that can compromise renal function. 

Infectious complications are among the most commonly encountered following 
semirigid ureteroscopy. Stone culture has superior predictive value of post-operative 
systemic inflammatory response syndrome compared to bladder urine culture fol- 
lowing upper tract stone surgery [27]. Unfortunately, this information is rarely 
available prior to surgery and thus semirigid ureteroscopy with stone manipulation 
can lead to urinary tract infections, or more severely, to sepsis. Schuster et al. 
reported a UTI rate of 1 % and sepsis rate of 0.3 % [26]. Other studies give ranges 
of 2—4 % for UTI or sepsis as seen in Table 7.2. 

More rare complications of SRURS include steinstrasse (“stone street"), when 
stone fragments block the ureter leading to obstruction. Renal hematoma after ure- 
teroscopy can also occur. Chiu et al. evaluated over 1,000 patients who underwent 
ureteroscopy and found a subcapsular hematoma in 0.36 % of patients [28]. Flank 
pain, fever and dropping hemoglobin were the presenting symptoms and more 
commonly occurred in patients with thin cortical parenchyma. Other uncommon 
complications include clot retention, urinary extravasation or retroperitoneal 
fibrosis [26, 29]. 


Take-Home Points 

* Semirigid ureteroscopy can be used with great success rates for the treat- 
ment of ureteral calculi. 

* Stone free rates vary depending on stone size and location, but in general, 
with experience, the SFR exceeds 80 % regardless of location and size 
with semirigid ureteroscopy. 

* Semirigid ureteroscopy has proven to be a safe procedure in the treatment 
of stone disease with acceptably low complication rates. 

* Directed perioperative antibiotics should be employed in all cases com- 
plicit with guideline recommendations in order to limit the occurrence of 
infectious complications. 

* [n the event of an iatrogenic ureteral injury, the procedure should be 
aborted and a stent should be placed if possible, in order to prevent more 
severe injury. 
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Chapter 8 

Flexible Ureteroscopy: Available 
Instrumentation, How to Easily Traverse 
the Ureter, Procedural Risks and Potential 
Complications 


Jonathan Cloutier and Olivier Traxer 


Introduction 


Stone disease remains a prevalent problem and an important aspect in the urolo- 
gist's practice [1, 2]. Flexible ureterorenoscopy (F-URS) is gaining popularity 
and accessibility over the last two decades for the treatment of ureteral and renal 
stones. The smaller diameter, durability and maneuverability of the ureteroscope 
continues to evolve and contribute to the increased effectiveness of this treat- 
ment. Studies demonstrating the feasibility and safety of F-URS even in stones 
larger than 2 cm illustrate the versatility of this technique and the importance of 
being comfortable with all the equipment available in order to perform a success- 
ful surgery [3-5]. F-URS is presently a treatment option for stones of all sizes 
and locations in the ureter. In this chapter, we review the instrumentation avail- 
able, the methods to navigate the ureter and potential complications of F-URS. The 
specifics regarding ureteral stents, guidewires, baskets, laser lithotripsy and other 
devices are discussed in other chapters. As proximal ureteral stones can some- 
times be relocated or moved into the renal pelvis via retropulsion, we will also 
touch upon the use of flexible ureteroscopy in the treatment of renal stones in this 
chapter as well. 
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Instrumentation Available: Flexible Ureterorenoscopes 


In 1983, Bagley et al. described the use of a flexible ureteroscope, with the ability 
to flex 160? in one direction and 90? in the opposite direction [6]. Since that time, 
the technological advancements of F-URS have progressed at a remarkable pace. 


Older Generation Flexible Ureterorenoscopes 


The older generation of ureteroscopes are 70 cm long with a disk-shaped distal 
extremity of 7.4 French (Fr). The external sheath grows progressively from the dis- 
tal to the proximal handle part (7.4—9Fr). There is a single 3.6Fr working channel 
that might allow up to 3.2 F instrument, and two or three fiber optic bundles, one or 
two for the illumination, and one for images transmission towards the endoscopic 
unit. The field of view of most ureteroscopes is 90? and the angle of view is 0°. The 
single working channel may have one or two connector luer-locks depending on the 
model, which allow for irrigation and simultaneous instrument placement. 

Older generation flexible ureteroscopes have an active deflection of 180? down- 
ward and upward. Passive deflection can be attempted when the ureteroscope is 
advanced further into the collecting system with a fully active deflection. Most of 
the time, this maneuver can allow the scope to reach a lower pole calyx or advance 
further into a long lower pole infundibulum. 


Newer Generation Flexible Ureterorenoscopes 


The new generation of flexible ureterorenoscopes include an active deflexion of 
270°, and have the standard ureteroscope characteristics in regards to its length and 
working channel characteristics (Fig. 8.1). The optics of the scopes vary between 
designers and rely on the number and quality of the fiber optic bundles used for 
illumination and particularly for image transmission. Depending on the number of 
fiber optic bundles, a honeycomb effect on the screen can be seen. An increased 
number of bundles will decrease the honeycomb effect, however these smaller fiber 
optic bundles may break more easily. 

In 2001, the DUR-8Elite by ACMI became the first new generation flexible ure- 
teroscope that had two levers: primary down (180?), primary up (170?), and second- 
ary down (130°). Following the DUR-8Elite, other manufacturers produced the 
newer generation ureteroscopes, though these scopes had a single lever (Table 8.1). 

Currently, with the arrival of the Olympus URF-P6 ureteroscope, each uretero- 
scope manufacturer produces a flexible ureteroscope with at least 270? of deflection 
in both directions. Moreover, some of the latest models are categorized as a "semi- 
flexible ureterorenoscope” (Fig. 8.2). A "semi-flexible ureterorenoscope" has more 
strength in the ureteroscope shaft and facilitates the ureteral ascension as well as 
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Fig. 8.1 Flexible ureterorenoscopes available. Left are fiber optic ureteroscopes, and on the right 
are the digital ureteroscope. The Olympus V2 is coming soon and is not illustrated 


Table 8.1 Characteristics of different flexible ureterorenoscopes [7, 8] 


Ventral | Dorsal | Tip Shaft Proximal | French 
Imaging | deflex- | deflex- | diam- diam- diameter | scale 
Company | Product system |ion (°) |ion(°) | eter(F) | eter (F) (F) test 
Olympus | DUR-8E Optical | 270 270 8.7 9.4 10.1 10 
Gyrus DUR-8U Optical 270 270 8.6 9.36 10.1 10 
ACMI  |pURp Digital |250 20 87 93 10.1 11 
Olympus | URF-P5 Optical |275 180 5:3 8.4 8.4 10 
URF-P6 Optical |275 275 4.9 7.95 7.95 10 
URF-V Digital |275 180 8.4 10.9 10.9 12 
URF-V2 Digital |275 275 8.4 8.4 8.4 NA 
Storz Flex-X2 Optical |270 270 7.5 8.4 8.4 10 
Flex-XC Digital 270 270 8.5 8.5 8.5 10 
Wolf Cobra: Optical | 270 270 6 9.9 10.3 11 
Viper Optical 270 270 6 8.8 9 10 
Boa vision | Digital 270 270 6 8.9 8.9 NA 
Cobra Digital | 270 270 6 9.9 9.9 NA 
Vision? 
Stryker Flex Optical |275 275 6.9 7.1 7:2 10 
vision 
U-500 
Lumenis |PolyScope Optical |180 0 9.6 8 8 10 


E elite, U ultra, NA not available 
Dual channel 


allows for increased scope control once in the renal pelvis during flexible nephros- 
copy. Other recent flexible ureteroscopes also tend to have a smaller tip with each 
scope fitting inside the 10/12F UAS [7] (Table 8.1). 
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Fig.8.2 The new 
ureteroscopes tend to be 
“semi-flexible.” The newer 
Olympus URF-V2 and 
URF-P6 are at the top of the 
picture, and older Olympus 
URF-V and URF-P5 are both 
at the bottom 


All current flexible ureteroscopes have acceptable optical quality with a 0° optic 
(except for a 9° optic for the Gyrus ACMI DUR-8Elite) and a field of view of 
80-88°. The instruments are fragile and require manipulation and use with caution 
during the surgery as well as during the sterilization process. The surgeon should 
never insert an instrument into the working channel with a bent distal tip in order to 
prevent damage. With recent technological advances, the new generation of uretero- 
scopes are more durable and the utilization time before requiring a repair has 
increased up to 76 h longer compared to older generation of ureteroscopes. Some 
authors have also described performing up to 100 interventions with the same flex- 
ible ureterorenoscope without requiring repair [9, 10]. 


Newer Generation Digital Flexible Ureterorenoscopes 


Since 2006, the digital optics technology has represented the next step in the devel- 
opment of endoscopy with a distal sensor. Studies have showed that the better image 
quality provides a higher precision for diagnosis, treatment, and a shorter procedure 
time (Fig. 8.3) (11]. 

The first ureteroscopes to use digital technology include was Gyrus-ACMI 
DUR-D Invisio, Karl Storz with the Flex-XC, the Olympus the URF-V and URF- 
V2, and the Richard Wolf Boa and Cobra Vision. These new ureteroscopes integrate 
a digital camera and light source in a single plug and play device. The principal 
disadvantages with the digital generation are that the distal tip diameter are slightly 
greater than the equivalent standard fiber optic ureteroscopes (Fig. 8.4). Nevertheless, 
the digital generation is now considered the gold standard in term of image quality. 

All digital ureteroscopes by Karl Storz, Gyrus-ACMI and Richard Wolf use a 
Complementary Metal Oxide Semiconductor (CMOS) imaging sensor as a digital 
camera and a light-emitting diode (LED) as the light source. CMOS is a generic 
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Fig. 8.3 Improved image quality of digital ureteroscopes: (a) Angioma of the renal papilla and 
(b) Papillary necrosis diagnosed in the context of hematuria 


Fig. 8.4 Distal tips and active deflections for flexible ureteroscopes. Left is downward deflection 
and right is upward deflection. From left to right: Olympus URF-V, URF-V2, Storz Flex-XC, 
Olympus URF-P6, Storz Flex-X2, Olympus URF-P5 


term for the process used to produce these image sensors, along with a multitude of 
other semiconductor items such as computer RAM processors like those from Intel 
and other manufacturers. CMOS image sensors can be made in the same fabrication 
as these other items, with the same equipment. 

Olympus has introduced the URF-V incorporating a charge-coupled device sen- 
sor (CCD). Interline Transfer CCD consists of many Metal Oxide Semiconductor 
(MOS) capacitors arranged in a pattern that can capture and convert light photons 
into electrical charge, storing this charge before transferring it for processing by 
supporting chips. When recording color information, a color filter is placed over 
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Fig. 8.5 (a) Upper tract urothelial tumor visualized with the white light. (b) Tumor visualized 
with the Narrow Band Imaging function 


each light receptor making it sensitive to only one light color. This gives a value for 
one color at each pixel, and the surrounding pixels can provide eight more values, 
four each for the two remaining colors from which they may be interpolated from 
the original pixel. After the exposure is complete, the charge is transferred row by 
row into a read-out register, and from there to an output amplifier, analog/digital 
converters and on for processing. This row-by-row processing of the CCD's light 
data is where the sensor gets register and the rows behind it are each shifted one row 
closer to the register. After being “read-out,” the charge is released, and the register 
is empty again for the next charge. CCDs rapidly attain high image quality but 
require a manufacturing process which is different from that used for manufacturing 
other computer chips such as processors and RAM. This means that specialized 
CCD fabrications have to be constructed, and they cannot be used for making other 
components, thereby making CCDs more expensive. 

Moreover, the Olympus URF-V incorporates another new technology: the narrow 
band imaging (NBI) function. NBI is an optical image enhancement which narrows 
the bandwidth of the light production of the Olympus Exera II system. This narrow 
band of light is greatly absorbed by haemoglobin and penetrates only the surface of 
tissue increasing the visibility of capillaries and other delicate tissue surface structures 
by enhancing the contrast between the two. As a result, under NBI, capillaries on the 
surface are displayed in brown and veins in the sub-surface are displayed in cyan on 
the operating monitor. This technology is principally used in the detection or recur- 
rence of urothelial tumors of the bladder or upper urinary tract. One of the current 
authors (OT) has demonstrated that NBI has the potential to improve the detection/ 
recurrence of upper tract urothelial tumors by 22.7 % comparing to white light 
(Fig. 8.5) [12]. 


Disposable Flexible Ureteroscope 


In 2009, the PolyScope by Lumenis became available. This is a disposable, modular 
flexible ureteroscope with a 70 cm working length and a distal tip size of 9.6F. It has 
asingle-side active deflection of 180°, and the working channel is 3.6F [13]. Currently, 
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Fig. 8.6 Different guidewire 
tips 


more studies are needed to demonstrate the efficiency and cost-effectiveness of this 
device though it does appear to be more difficult to manipulate than the usual flexible 
ureterorenoscopes. 


How to Easily Traverse the Ureter 


Getting ureteral access and reaching the proximal ureter or the renal pelvis can 
sometimes be challenging. Thus knowing alternative access methods to assist the 
endourologist is essential. 


Ureteral Cannulation 


Guidewires are well known to be essential during F-URS. Their use can be helpful for 
UAS placement or for the ureteroscope ascending a tortuous ureter and remain the best 
security during the surgery if a ureteral stent insertion is rapidly required. There are 
many types of guidewires and the description of guidewires is further discussed in Chap. 
11. The authors strongly recommend using the stiff hydrophilic wires, where the first 
3—5 cm are completely floppy hydrophilic to be less traumatic and the shaft of the wire 
is stiff and hydrophobic. Standard floppy tip polytetrafluoroethylene (PTFE) could also 
be used, but hydrophilic wire have been shown to be superior over the standard PTFE in 
gaining access to the renal pelvis when passing by a ureteral stone [14, 15]. The tip can 
be straight, angled or “J” tip and the surgeon, based on his/her own experience, will need 
to decide when he/she should use an angled one over a straight wire (Fig. 8.6). 

When two wires are used and the flexible ureteroscope is placed over the work- 
ing wire, you should use a hydrophilic wire to protect the working channel of the 
scope. Going up into the ureter directly over the wire facilitates the scope placement 
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Fig. 8.7 Retrograde 
pyelography of a patient with 
an ileal ureter 


into renal cavities. We strongly recommend using a safety wire even if the literature 
has demonstrated the feasibility of F-URS without a safety wire [16]. 

If difficulties are encountered in placing the guidewire during cystoscopy, a 5—7Fr 
open-end ureteral catheter can be used to accommodate the positioning of the guide- 
wire into the ureter. The catheter is made of polyurethane and retrograde pyelogra- 
phy can also be performed in order to further delineate ureteral anatomy (Fig. 8.7). 

Another use for the ureteral catheter is in the setting of a false passage caused 
during ureteral orifice cannulation. In this situation, a whistle tip ureteral catheter 
with a hydrophilic angled-tip guidewire can be used to help to find the correct 
passage into the distal ureter (Fig. 8.8). Following a right sided creation of a false 
passage, the correct way into the ureter is found by orienting the open-end and the 
angle-tip guidewire at 11 o’clock at the ureteral orifice. On the left side, you will 
have to orient the open ended catheter and angled guide wire to 2 o'clock. 


Ureteral Access Sheath 


The ureteral access sheath (UAS) was first developed in the 1970s to help gain ureteral 
access during ureteroscopy. One decade later, a peel-away sheath was introduced. The 
UAS has increased in use with the rapidly growing rate of retrograde intrarenal 
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Fig.8.8 Whistle tip ureteral catheter with angle-tip guidewire showed in different positions 


surgery (RIRS) during the past few years. Using a UAS is not mandatory during 
RIRS, but it does allow easy repeat passage into and out of the ureter with the flexible 
ureteroscope. Moreover, it dilates the ureter and improves visualization by facilitating 
the return of irrigation. It also allows one to perform the surgery with lower intrarenal 
pressure thus reducing the risk of intrarenal reflux. It encourages the passage of small 
stone fragments and protects the flexible ureteroscope and gives more stability to the 
scope that permits optimal control during instrumentation into the renal pelvis [17]. 
The last generation of UAS has the unique characteristic of allowing the guidewire 
to exit on the side of the inner dilator just before the sheath (Fig. 8.9). Thus while 
removing the inner part of the UAS, the guidewire slides out on the side slit and thus 
becomes the safety wire (Fig. 8.10). This eliminates the need for multiple manipula- 
tions in order to place a second safety wire and allows one to remove the sheath in block 
with a stone when it does not pass into the UAS but pass only into the ureter. The UAS 
can be promptly replaced following its removal without the need for a second wire. 
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Fig.8.9 Re-Trace by Colopast 


Fig. 8.10 The guidewire 
slides out and becomes the 
safety wire 


Since a normal ureter is 10Fr or less in diameter, we recommend using the small- 
est UAS possible in order to minimize ureteral trauma. 


Irrigation Is Important 


Constant basal irrigation with a manual hand pump is the authors' preference as it 
permits an increase in pressure only when required. The manual pump can be very 
useful during ureteral ascension as it helps to dilate the ureter, increases visibility 
and facilitates the navigation into the ureter (Fig. 8.11). 


Details Regarding the Flexible Ureteroscope 


Knowledge regarding different flexible ureterorenoscopes is important since 
diameter size and distal tip are different among the various scopes. Some 
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Fig. 8.11 Continuous irrigation with a manual pump to increase the irrigation while needed 
(TraxerFlow, Rocamed) 


ureteroscopes do not fit in certain UAS [7]. In cases of a narrow ureter which 
does not allow placement of a UAS or surgeon's preference to not place a UAS 
during F-URS, knowing the distal tip size and shape of the ureteroscope may 
help to understand why it is more difficult to navigate access up the ureter with 
particular ureteroscopes (Fig. 8.4). Currently, while facing a narrow ureter, the 
authors prefer to work with either the Storz Flex XC, Flex X2, or Olympus URF 
P-6, URF V-2 in order to optimize our success to reach the proximal ureter or 
renal pelvis. 

As discussed earlier in the chapter, some of the last ureteroscope models are 
“semi-flexible ureterorenoscopes" and facilitate ureteral ascension with their stron- 
ger and slightly stiffer shaft. Furthermore, new flexible ureteroscopes tend to have a 
smaller distal tip (<8.4F) that helps to pass through a smaller UAS and thus easily 
access the renal pelvis [7]. 


Procedural Risks and Potential Complications 


This portion of the chapter will discuss the potential complications of F-URS. F-URS 
has an overall complication rate of 10.1 % with the majority of patients developing 
minor complications [3, 27]. The management of many of these complications is 
further discussed in Chap. 15. 


Instrumentation Damage and Durability 


A flexible ureteroscope is an instrument that needs to be handled with care. 
Unfortunately, ureteroscopes are fragile, and care must be taken during its use and 
in its sterilization to maximize its lifespan. Many components can compromise the 
durability of an ureteroscope, and when using these devices, a number of principles 
should be kept in mind. 
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The use of a ureteral access sheath could help prevent ureteroscope damage and may 
facilitate entry and reentry into the renal pelvis, however the UAS is seldom used in the 
treatment of ureteral stones [9]. A laser fiber should always be inserted through a straight 
ureteroscope. While feasible, abstain from using the laser during the time that the scope 
is at maximal deflection if possible. When working at maximal deflection, avoid using 
the laser at its high-power laser setting if possible. The authors recommend starting with 
an energy at 0.6 J and frequency of 6 Hz and to keep the power below 10 W. The authors 
suggest grasping the stone in a basket as soon as possible and repositioning it into the 
upper pole to minimize maximal deflection when treating renal calculi [18—20]. 

Many studies have found the durability for the latest generation of fiber optic ure- 
teroscopes range from 5 to 18 procedures [19, 20]. Some authors have achieved from 
up to 50-100 procedures with a scope's lifespan prior to requiring repair being 
approximately 75 h of instrument time usage [9, 10]. The new digital ureteroscopes 
have supposed increased maneuverability and durability. Current studies have reported 
repair requirement for these scopes occurring after 20—22 procedures [18, 21]. 


False Passage and Ureteral Injuries 


In the literature, false passages occur more frequently when a guidewire negotiates 
the site of an obstructing ureteral stone with the rate of creation of false passage being 
approximately 1—8.3 % [22, 23]. While treating renal calculi, a false passage into the 
ureter is rare, but this can occur when trying to cannulate the ureteral orifice. 

A standard ureter has a transverse diameter of up to 9—10Fr [24]. Currently, most 
of the urologists are using a 12/14Fr ureteral access sheath for renal stones. The 
shear forces during UAS insertion and the decrease in ureteral blood flow with exces- 
sive distention are directly related to ureteral lesions during RIRS [25]. The ureteral 
wall injury classification is illustrated in Table 8.2. Ureteral access sheath injury can 
be found in 46.5 % of patients with high grade injury (Grade 2, 3 ,4) in 13 %. A 
ureteral stent should be left in place for 4-6 weeks when a high grade injury involv- 
ing smooth muscle is found [26]. Complete ureteral avulsion during RIRS is a rare 
complication, but urologists have to continue to be conscious of this possible com- 
plication and should avoid being in a dangerous clinical situations (such as trying to 
extract an impacted stone) that could increase the risk of avulsion («0.1 96) [27]. 


Table 8.2 Endoscopic classification of ureteral wall injury after RIRS using UAS [26] 


Injury grade Endoscopic findings 

0 No lesion found or only mucosal petechia 

1 Ureteral mucosal erosion without smooth muscle injury 

2 Ureteral wall injury, including mucosa and smooth muscle, with adventitial 
preservation 

3 Ureteral wall injury, including mucosa and smooth muscle, with adventitial 


perforation (periureteral fat seen) 
4 Total ureteral avulsion 
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Bleeding 


Intraoperative ureteral hemorrhage is a rare complication and would require postponing 
the surgical intervention followed by ureteral stent placement. Studies reported signifi- 
cant bleeding in 0.25—2.1 96 of ureteroscopy stone cases [3, 27]. Generally, when the 
bleeding is not significant, the surgery can be completed. One can prevent this compli- 
cation by avoiding to completely suck out the urine within the renal pelvis (depressur- 
ization and mucosa suction) and by avoiding direct lasering of the urothelial mucosa. 


Urinary Tract Infection, Pyelonephritis and Sepsis 


Urine culture is recommended prior to intervention and when there is a positive 
culture, appropriate antibiotic therapy should be administered and a negative culture 
obtained before considering ureteroscopy. In uncomplicated cases, it might be 
acceptable to perform a urinary dipstick with microscopy for pre-operative screen- 
ing [28]. The AUA/EAU guidelines recommend antimicrobial prophylaxis prior to 
ureteroscopic intervention. 

Nonobstructive pyelonephritis is the main postoperative complication and is 
reported in 0.7—8 % of cases. Fortunately, septic shock is described as a rare complica- 
tion with a rate of 0.4 % and it is critically important that appropriate antibiotic ther- 
apy be initiated on time and to make sure that no ureteral obstructing is present [27]. 

Lower urinary tract infection (UTI) and bacteriuria is a common post-operative. 
The incidence of UTI and bacteriuria post-ureteroscopy is 1—4 96 and in most cases 
can be effectively treated with oral antibiotics [28, 29]. 


Ureteral Stent Discomfort/Migration/Encrustation 


A ureteral stent is placed to ensure upper urinary tract drainage commonly follow- 
ing ureteroscopy for ureteral stones. The primary indications for ureteral stenting 
include ureteral injury, large stone burden, ureteral stricture, post ureteroscopy in a 
solitary kidney, chronic kidney failure, a prolonged surgery time and ureteral dila- 
tion during the case. Studies have shown that routinely stenting the ureter at the end 
of an ureteroscopy is not obligatory for uncomplicated URS [28]. 

Patients with a ureteral stent in place do have significant morbidity and decreased 
quality of life during the duration of ureteral stenting. Al-Qahtani and coworkers have 
reported a 47 96 discomfort rate secondary to the ureteral stent and the CROES URS 
Study Group reported a 0.9 % readmission rate related to stent discomfort [27, 28, 30]. 

Literature regarding stent migration have reported a rate of 1—4.2 % [31]. We 
need to consider this complication when a patient is readmitted from the emergency 
room with increased pain or bladder symptoms (Fig. 8.12). 

Stent encrustation is another rare complication and is usually secondary to a 
patient lost to follow-up or in the case of severe hypercalciuria or in indwelling 
stents in pregnant women [32] (Fig. 8.13). 
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Fig. 8.12 Proximal loop 
migration of a ureteral stent 


Pain and Renal Colic 


Postoperative pain has not been very well documented in the literature. In some 
studies where ureteroscopy was used to treat stones larger than 2 cm have reported 
rate of 13-15 % for renal colic or pain following intervention. These complications 
were all considered minor, and were found to have resolved on their own (classified 
as Clavien Modified Classification Grade 1). 


Steinstrasse 


With the increased rate of F-URS and the utilization of ureteroscopy for stones 
larger than 2 cm, steinstrasse is a potential complication if all of the stone fragments 
have not been extracted. The literature currently reports a stenstrasse rate of 1.6—4 % 
with almost all patients requiring retrograde endoscopic intervention [3, 30]. 
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Fig. 8.13 Encrusted ureteral 
stent in a patient lost to 
follow-up following 
ureteroscopy 


Hemorrhage and Transfusion 


Intraoperative hematuria is a limiting factor to the completion of surgery due to 
limited visibility. Hematuria with a stent in place is to be expected as a common 
symptom of bladder irritation from the stent. Transfusion and clot retention are rare 
complications but have also been described [4, 27]. The rate of post-operative 
hematuria is relatively low with a range between 0.4 and 1.5 96, but patients with 
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anticoagulation have maybe an higher rate [3, 27, 33]. The authors recommend 
informing the patient in the preoperative consultation that hematuria post- 
ureteroscopy may be common. 


Ureteral Stenosis 


Following ureteroscopy, ureteral stenosis has been reported from 0 to 4 % of cases. 
Ureteral stenosis can be related to intraoperative ureteral perforation, ureteral access 
sheath injury, too much friction with a ureteroscope or a previously impacted stone. 
With the current technological advancements, surgeon expertise and miniaturiza- 
tion of the flexible ureteroscope the rate of ureteral stenosis is fairly low (0-1 906). 
Careful insertion of a ureteral access sheath and manipulation of a flexible uretero- 
scope are necessary to minimize ureteral trauma and inflammation. Upper tract 
tumors treated via conservative management with repeated ureteroscopy may also 
have a higher rate of ureteral stenosis (9.3 96) [34]. 


Subcapsular Hematoma 


In a review by Abourmarzouk and colleagues regarding renal stones treated by 
F-URS greater than 2 cm, subcapsular hematoma was seen in 0.8 96 of treated renal 
units [3]. This complication represents 10 % of the overall complication rate which 
was 10.1 % (Fig. 8.14). Urologist needs to be aware of this potential complication 
particularly for a patient with long operative time and large renal stone burden. 


Others 


Additional complications in the treatment of stones via ureteroscopy that have been 
described are extrarenal stone migration (Fig. 8.15), acute urinary tract retention, 
acute prostatitis, cerebrovascular accident, pulmonary embolism and myocardial 
infarction [3, 29]. 


Complication Grades According to the Modified Clavien System 


The authors recommend using the Clavien-Dindo classification for surgical compli- 
cations in the reporting of complications of flexible ureteroscopy. This classification 
system has been shown to be reliable and is now recommended in both retrospective 
and prospective studies (Table 8.3) [35, 36]. 
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Fig. 8.14 Left subcapsular hematoma following F-URS for a stone larger than 2 cm 


Fig. 8.15 During F-URS for a caliceal diverticular stone, the stone migrated outside of the renal 
cavities 
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Table 8.3 Classification of surgical complications [35] 


Grades 
Grade I 


Grade II 


Grade III 
Grade I-a 
Grade III-b 
Grade IV 


Grade IV-a 
Grade IV-b 
Grade V 
Suffix ‘d’ 


Definition 
Any deviation from the normal postoperative course without the need for 
pharmacological treatment or surgical, endoscopic and radiological interventions 


Acceptable therapeutic regimens are: drugs as antiemetics, antipyretics, 
analgetics, diuretics and electrolytes and physiotherapy. This grade also includes 
wound infections plaies opened at the bedside 


Requiring pharmacological treatment with drugs other than such allowed for 
grade I complications. Blood transfusions and total parenteral nutrition are also 
included 


Requiring surgical, endoscopic or radiological intervention 
Intervention not under general anesthesia 
Intervention under general anesthesia 


Life-Threatening complication (including CNS complications)* equiring IC/ 
ICU-management 

Single organ dysfunction (including dialysis) 

Multi organ dysfunction 

Death of a patient 


If the patient suffers from a complication at the time of discharge, the suffix ‘d’ 
(for disability) is added to the respective grade of complication. This label 
indicates the need for a follow-up to fully evaluate the complication 


IC intermediate care, /CU intensive care unit 
*Brain hemorrhage, ischemic stroke, subarachnoidal bleeding, but excluding transient ischemic 


attacks (TIA) 


Take Home Message 

* F-URS is a viable treatment option for ureteral stones of all sizes and pri- 
marily in the location of ureteral stones in the mid/proximal ureter as well 
as renal calculi. 

* Digital flexible ureterorenoscopes have improved durability and signifi- 
cant improvement in visibility which can further aid in stone treatment 

* Obtaining ureteral access can be demanding and knowledge of the equip- 
ment and available instruments is necessary in order to assist the urologist 
during the procedure. 

° In order to minimize complications during ureteral stone treatment, one 
must first be aware of potential complications during flexible ureteroscopy 
and when/why they may occur. 
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Chapter 9 
Percutaneous Nephrolithotomy 
and Antegrade Ureteroscopy 


Marcelino E. Rivera and Amy E. Krambeck 


Introduction 


Retrograde ureteroscopy has become a mainstay in the treatment of ureteral and renal 
calculi. From 2000 to 2010 there was a 127 % increase in the number of ureteroscopic 
procedures performed in the United Kingdom and it is anticipated that a similar rise in 
the number of procedures will be present in the United States [1]. A recent multi- 
institutional study of ureteroscopy found that there was a very low overall complica- 
tion rate of 3.5 % and a high postoperative stone-free rate ranging from 85 to 95 % [2, 
3]. Thus, it is not surprising that ureteroscopy is gaining acceptance as the primary 
treatment modality for upper tract stone disease. However, there are certain circum- 
stances when retrograde ureteroscopy is not successful, such as altered anatomy or 
very large stone size. In such circumstances alternate treatment options must be con- 
sidered. Antegrade ureteroscopy (URS) performed through a percutaneous approach is 
often a useful treatment option for proximal and mid-ureteral calculi when retrograde 
URS is not possible. The following chapter will discuss a brief history of percutaneous 
ureteral stone surgery, modern uses of antegrade URS, indications for antegrade URS, 
a description of current technique, and a discussion of postoperative management. 


History 


One cannot discuss the current role of antegrade ureteroscopy (URS) without first 
discussing a brief history of upper tract urinary calculi and management. While 
Fernstróm and Johannson were not the first to remove a stone percutaneously, they 
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did describe the initial technique for establishing a percutaneous site for stone 
removal in 1976 [4]. They described the slow progressive dilation of a percutaneous 
established tract from the kidney to the collecting system of the kidney, utilizing a 
Couvelaire catheter that was 0.5 mm larger in caliber. The catheter was upsized on 
a daily basis to enlarge the percutaneous tract and allow for eventual removal of 
the upper tract stone material. Following the work of Fernstróm and Johannson, 
percutaneous techniques utilizing rapid tract dilation were reported in the United 
States and involved the utilization of metal, flexible or balloon dilators to dilate 
the nephrostomy tract up to 30 French (Fr) [5-7]. In 1982, Rusnak and colleagues, 
describe the initial technique of rapid dilation to 30Fr and utilization of an access 
sheath [5]. Utilizing their own design of polyurethane dilators the authors employed 
an 8Fr catheter over a guide wire and dilated the tract to 30Fr. To decrease friction 
and improve rigidity of the dilator a Teflon™ sleeve was used that remained in place 
during stone extraction. The current technique for percutaneous nephrolithotomy 
has been improved to a point where there is a relatively low overall complication 
rate, Clavien grade III or higher in <5 %, and a high overall success rate with retreat- 
ment rates of approximately 15 % [8]. The introduction of the percutaneous access 
sheath and flexible nephroscope now allows for safe inspection of the entire collect- 
ing system including the proximal ureter, with little concern for excessive bleeding 
or fluid absorption. 

Prior to flexible nephroscopy allowing visualization of difficult to access areas, 
percutaneous ureterolithotomy was described in case reports as a means to treat an 
impacted ureteral stone without requiring an open ureterolithotomy. Clayman and 
colleagues [9] discussed direct percutaneous ureterolithotomy of a patient with an 
impacted proximal ureteral stone creating a ureteral diverticulum preventing access 
by flexible nephroscopy. After obtaining percutaneous access and passing a safety 
wire into the ureter, an aortography needle was placed directly to the stone, the 
established tract was dilated to allow a 30Fr working sheath, and a direct vision 
ureterotome was utilized to perform the ureterotomy. A stent was left in place and 
removed at 6 weeks with excretory urography at that time demonstrating no extrav- 
asation. Due to the potential significant morbidity of the case it did not replace 
open ureterolithotomy and technological advancements soon made both techniques 
obsolete. 

While percutaneous nephrolithotomy became regularly utilized for large renal 
stone and proximal ureteral stones, the first reported series of antegrade URS was 
described by Gumpinger and colleagues in 1985 for the management of proximal 
ureteral calculi which were neither amenable to extracorporeal shock wave litho- 
tripsy nor able to be flushed into the renal pelvis for percutaneous removal [10]. 
Their approach utilized a lower pole access with a balloon catheter placed distally 
to the stone to prevent propulsion. The rigid nephroscope was then inserted and 
after identification of the UPJ, the axis of the kidney was tilted to allow for visual- 
ization down the ureter. The nephroscope was removed, the sheath left in place and 
an 11Fr rigid ureteroscope was inserted to perform ureteroscopy. Mean operative 
time in the 22 cases was 55 min and postoperative hospital stay was 4 days. Ureteral 
perforation occurred in one patient. 
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Soon after the initial attempt of rigid antegrade URS, flexible antegrade URS 
was performed by Bagley and Rittenberg utilizing a rudimentary flexible uretero- 
scope [11]. Flexible antegrade URS was used to identify fragments passed down 
the ureter during percutaneous nephrolithotomy in eight patients. Flexible ante- 
grade URS identified one obstructing fragment in their cohort. No complications 
were reported. The early version of flexible ureteroscopes did not have a deflection 
mechanism or working port, requiring irrigant to be supplied via an ancillary cath- 
eter or irrigation sheath. As technological advancements were made with decreasing 
diameter, increased length, and improved deflection of fiberoptic ureteroscopes, ret- 
rograde URS became common place in urologic practice. Antegrade URS was then 
reserved for patients with proximal ureteral stricture disease, large impacted calculi, 
patients unable to be placed in lithotomy due to severe joint disease, and patients 
with urinary diversion and previous unsuccessful retrograde access [12]. 


Modern Use of Antegrade URS 


Today retrograde URS has become the treatment of choice for the vast majority 
of small and moderately-sized distal and mid-ureteral stones («1 cm) and yields 
stone-free rates >90 % in the uncomplicated stone former. Even so, antegrade URS 
does have utility in the modern urologist's practice and has been demonstrated to 
result in higher stone free rates when compared with its retrograde counterpart. Sun 
and colleagues performed a prospective randomized study comparing percutaneous 
antegrade URS with retrograde URS for large, impacted proximal ureteral calculi 
[13]. Patients were randomly assigned to retrograde or antegrade treatment and 
mean stone size was 14.6 and 14.7 mm respectively. Length of hospital stay, proce- 
dure length of time, and return to baseline activities was longer with the antegrade 
group. However, stone-free rates immediately post-procedure, determined by KUB 
and ultrasound or CT in cases of radiolucent stones, and at 1 month postoperative 
were significantly higher in the antegrade group (95.3 % v 79.5 % and 100 % v 
86.4 %, Px 0.026 and 0.027 respectively). Maheshwari and colleagues also com- 
pared antegrade with rigid retrograde ureteroscopy for large (21.5 cm) impacted 
upper-ureteral calculi in a nonrandomized series of 43 patients, 23 of whom under- 
went antegrade URS [14]. Complete stone clearance was achieved in one session 
in all patients using the antegrade percutaneous approach, while one session ret- 
rograde ureteroscopy was successful in only 55 % of patients, due to either stone 
retropulsion or secondary lower caliceal stones as verified with KUB. The authors 
concluded that antegrade URS can be performed in lieu of rigid retrograde URS for 
large impacted proximal ureteral calculi, without sacrificing stone free rates. 

In developing countries with limited resources to newer technology, antegrade 
URS serves as a very effective means at achieving complete stone clearance with- 
out the morbidity of open surgery or the use of laparoscopy. Goel and colleagues 
reviewed their contemporary series of 66 patients with impacted ureteral calculi 
who underwent percutaneous antegrade URS for stone removal [15]. Of the 66 
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patients, 45 were accessed via a superior calix with nine supracostal and 21 via 
a middle caliceal puncture. A 26Fr rigid nephroscope was used in all cases with 
flexible nephroscopy used for stones which migrated distally. Complete clearance 
was achieved in 98.5 % of cases and all procedures were completed in a single 
session with one tract. Mean operative time was 47 min and aside from two ure- 
teral perforations managed with stenting there were no other complications. The 
authors concluded that percutaneous removal of impacted proximal ureteral calculi 
in developing countries affords similar clearance rates with equipment that is more 
readily available, less expensive, and less fragile than flexible ureteroscopes. 

Another important utilization of antegrade URS is in the setting of urinary diver- 
sion (either continent or conduit) after cystectomy or genital defects. Structural 
complications defined as ureteral anastomotic stricture or conduit stricture and uro- 
lithiasis are some of the most common complications following cystectomy and 
urinary diversion occurring in 11.5 and 15.3 % of patients respectively in a large 
cystectomy registry study [16]. Due to anatomic alterations it is sometimes not pos- 
sible to access the upper urinary tract in a retrograde fashion once urinary diversion 
has been performed. Stuurman and colleagues describe antegrade flexible URS in 
urinary diversion patients for both stone and stricture disease [17]. There were 21 
antegrade URS procedures performed, 15 of which were for stone disease. In the 
description of the technique patients were placed in the modified supine position, 
except for those with orthotopic neobladder in which the modified Valdivia position 
was utilized. Mean stone size was 13.4 mm and the stone free rate was 82.3 %. 
There were four complications in their cohort, two resulting in urinary tract infec- 
tions treated with antibiotics and hematuria in the other two, which resolved spon- 
taneously. Antegrade URS, when utilized for the proper indication, results in 
excellent stone free rates when compared to its retrograde counterpart. 


Indications 


Percutaneous antegrade URS is an ideal procedure for patients with preexisting 
ureteral pathology in which retrograde access cannot be obtained. Ureteral stricture 
disease leading to upper tract obstruction, patients with preexisting nephrostomy 
tube and patients with urinary diversion (Figs. 9.1 and 9.2) and reconstruction are 
well suited for antegrade URS in the setting of symptomatic ureterolithiasis. A large 
(21 cm) impacted proximal or mid ureteral calculi or ureterolithiasis in the presence 
of nephrolithiasis requiring percutaneous nephrolithotomy are both excellent clini- 
cal scenarios where percutaneous antegrade URS is useful in patients without ana- 
tomic alterations. A ureteral stone located at the level of an iliac artery calcification 
or aneurysm can also be challenging to treat in a retrograde fashion and may be 
better suited for an antegrade URS approach (Fig. 9.3). 

Preoperatively patients are counseled in the outpatient setting regarding the 
risks of antegrade URS and the typical convalescence. If a new percutaneous tract 
is established, overnight observation is recommended to assess for any significant 
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Fig. 9.1 Image of a female 
patient with an obstructing 
distal stone in the 

common ureter of 

her ureterosigmoidostomy. 
She was treated successfully 
with antegrade ureteroscopy 


Dilatet&esxmonUreter 


Fig.9.2 Seventy-eight year 
old male with calcified 
common iliac artery 
aneurysm and 1 cm 
obstructing ureteral calculi 
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renal bleeding. If an established tract is utilized (i.e. patient already has indwelling 
nephrostomy tube), then the surgery may be performed as an outpatient procedure. 
All patients have a urinalysis with culture obtained as well as complete blood 
count and basic metabolic panel. All positive urine cultures should be treated prior 
to the procedure with culture-specific antibiotics. We recommend recent computed 
tomography (CT) imaging within the last 30 days to confirm stone size and loca- 
tion. Three dimensional CT imaging also provides information on surrounding 
organs and renal anatomy allowing for appropriate preoperative planning for the 
percutaneous renal access. If a new percutaneous tract into the kidney is created, a 
type and cross is obtained and patients are consented regarding the risk of blood 


transfusion. 
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Fig. 9.3 Antergrade 
ureteroscopy performed with 
the two access sheath 
technique. This particular 
patient had a large lower and 
upper pole stone burden in 
addition to an impacted 
ureteral stone. Thus, two 
renal access sheaths are in 
place, one for the lower pole 
stones and one to access the 
upper pole and ureteral stone. 
A ureteral access sheath has 
been advanced through the 
upper pole access 


Equipment 


To perform percutaneous antegrade ureteroscopy the surgeon will require standard 
equipment for both percutaneous nephrolithotomy and for ureteroscopy. We recom- 
mend a rigid nephroscope, flexible nephroscope, and flexible ureteroscopy. 
Percutaneous access and establishing a percutaneous access tract using a renal 
access sheath should be performed as previously described [18]. Once a percutane- 
ous renal access sheath is in place there should be a working wire in the ureter. A 
ureteral access sheath (13 or 14Fr outside diameter) can be placed through the 30Fr 
renal access sheath to the level of the ureteral stone. The ureteral access sheath 
facilitates stone removal from the ureter in an efficient manner (Fig. 9.3). A laser 
lithotripter, as well as stone basket for retrieval of fragments, is recommended. An 
ultrasonic suction device can also be helpful to remove stone debris or blood clots 
that collect in the renal pelvis at the time of the procedure. A ureteral stent and/or 
nephrostomy tube is used at the conclusion of the case. 


Patient Positioning 


We prefer placement of the patient in the prone position on a C-arm capable bed 
with careful attention paid to pad all pressure points. If we anticipate need for 
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retrograde access to the ureter at time of antegrade ureteroscopy, then a prone split 
leg position is utilized. Stuurman and colleagues placed patients in both the modi- 
fied supine position with elevation of the treated side and the modified Valdivia 
position, in which the patient is placed in a split leg position with the treated side 
raised as well in order to treat patients with urinary diversions [17]. 


Description of Technique 


An understanding of renal and ureteral anatomy is vital when attempting antegrade 
ureteroscopy in particular when retrograde access has failed due to distal ureteral 
pathology. Our current practice utilizes triangulation technique for upper-pole per- 
cutaneous access as previously described [18]. Upper pole access is preferred as 
it allows for a direct course into the proximal ureter. Once access is established, 
a 0.038-in. hydrophilic nitinol glidewire is advanced down the ureter to the level 
of the stone. The wire is then exchanged for a stiff workable wire and the tract 
is then dilated using an 8/10Fr dilating catheter and a second stiff safety wire is 
placed through the 10Fr dilator. The working stiff wire is then used to advance the 
balloon dilator into the collecting system. The tract is balloon dilated and a 30Fr 
renal access sheath is then advanced into the kidney. Rigid nephroscopy is then 
performed to confirm appropriate sheath placement. An ultrasonic lithotripter with 
suction capabilities is often helpful to remove any blood clot or debris that may 
be present in the renal pelvis. Flexible nephroscopy is then performed to inspect 
the entire kidney and proximal ureter. If the flexible nephroscope cannot be eas- 
ily advanced to the ureteral stone then a flexible ureteroscope will be necessary to 
complete stone removal. In order to facilitate easy access to and from the stone with 
the ureteroscope it is often beneficial to place a ureteral access sheath through the 
renal access sheath. Placement of the ureteral access sheath to the level of the stone 
is performed using a 12/14 or 11/13Fr sheath advanced with fluoroscopic guidance 
over the stiff working wire. 

The ureteroscope is then easily advanced through the ureteral sheath to the stone. 
Once the stone is visualized laser lithotripsy is performed utilizing the holmium 
laser with settings appropriate for stone fragmentation (our preference is 8 Hz and 
0.8 J). Stone fragments are then removed utilizing basket extraction. After all size- 
able fragments have been removed, a guidewire is advanced down the length of the 
ureter and URS is performed for a full inspection of the ureter to the interior of the 
bladder. The ureteral access sheath is removed and the kidney is inspected one last 
time with the rigid and flexible nephroscope to remove any debris which may have 
migrated proximally. Next a double-J ureteral stent is deployed under fluoroscopic 
guidance. We generally leave the stent indwelling for 2—4 weeks depending on the 
degree of stone impaction and ureteral condition. 

While our practice utilizes the "double sheath" technique for antegrade URS, a 
single ureteral access sheath-only technique can be utilized as well. Winter and col- 
leagues describe a “no dilation" or "minimal dilation" approach with only the 
12/14Fr access sheath passed antegrade over a guidewire which has already been 
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passed down the ureter [19]. We prefer to have a renal access sheath in place to 
remove proximally displaced stones and concomitant renal stones which cannot be 
done with the single sheath technique. 

If upper pole access cannot be obtained due to patient anatomy, a mid-pole or even 
lower pole access can be utilized. However, if the angle for the calyx to the ureter is 
too great then a ureteral access sheath cannot be used. In such cases, the ureteroscope 
is advanced down the ureter to the level of the stone visually. The stone material can 
then dusted it to very fine debris to be passed, with larger fragments extracted by 
basket. Such a technique can be very time consuming and tedious and is only recom- 
mended if all previously described options have been deemed inappropriate. 


Postoperative Management 


If upper pole access is established it is our practice to perform a postoperative chest 
x-ray to assess for any violation of the pleural cavity. Another acceptable option 
would be to fluoroscopically visualize the patient's lung fields prior to cessation 
of the surgical procedure. The patients are then monitored for 24 h and discharged 
postoperative day one. Antibiotics are continued for 1 week postoperatively or lon- 
ger if stone culture is found to be positive for infection. 


Follow-Up 


A stone culture and analysis is performed on every patient. A positive stone culture is 
treated with culture-specific antibiotics. All patients are scheduled for follow-up 6 weeks 
post procedure with a 24-h urine supersaturation study and basic serum electrolyte stud- 
ies including magnesium, phosphorus, calcium and uric acid. Imaging is performed 
based on American Urological Association recommendations and includes KUB and 
ultrasound for radiopaque stones or CT for radiolucent stones (i.e. uric acid) [20]. 


Conclusion 


While retrograde ureteroscopy remains the standard treatment for many ureteral and 
renal stones, there are certain clinical scenarios when antegrade ureteroscopy is nec- 
essary. In appropriately selected patients the procedure can be performed in a safe 
and efficient manner resulting in excellent stone-free results and minimal morbid- 
ity. Utilization of both flexible and rigid instruments as well as various sized access 
sheaths can simplify the procedure and improve efficiency. A “double sheath" tech- 
nique allows for removal of larger stone fragments and removal of renal stones 
during the same procedure. 
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Key Points 

* While retrograde ureteroscopy remains the standard treatment for many 
ureteral and renal stones, there are certain clinical scenarios when antegrade 
ureteroscopy is necessary including ureteral stricture disease leading to 
upper tract obstruction, patients with urinary diversion and reconstruction, 
and large impacted proximal or mid ureteral calculi or ureterolithiasis in the 
presence of nephrolithiasis requiring percutaneous nephrolithotomy. 

* Upper pole access is preferred to allow for placement of ureteral access 
sheath. 

* A "double sheath" technique allows for removal of larger stone fragments 
and removal of renal stones during the same procedure. 
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Chapter 10 
Ureteral Stents 


Ben H. Chew, Ryan F. Paterson, and Dirk Lange 


Introduction 


Ureteral stents are a common tool in urology and particularly for the treatment of 
ureteral stones. Ever since the introduction of the modern stent by Finney in 1978, 
stent designs have been similar but with various modifications [1]. Most stents are 
comprised of materials based on plastics such as polyurethane or ethylene vinyl 
acetate and various patented polymer mixes. Most stents are comprised of two pig- 
tail curls to prevent the stent from migrating out of the renal pelvis and bladder. To 
date, there has not been any stent design or stent material that has proven to be more 
comfortable or superior to any other stent. 


When to Stent 


Stents provide drainage from the kidney to the bladder and keep the ureter open. The 
main reason to stent in the setting of acute presentation of a ureteral stone is for 
patients presenting with an obstructing ureteral stone and infection. This has shown to 
be equivalent in treating sepsis compared to insertion of a nephrostomy tube [2]. One 
study has identified a quicker time to defervescence in those treated with a nephros- 
tomy tube but overall outcomes were fairly equivalent [2]. When looking at quality of 
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life measures, it was fairly equivalent between the two groups, but stented patients 
had more voiding symptoms as would be expected [3]. Decompression of the infected 
system to allow drainage and antibiotic administration is highly recommended in this 
situation followed by delayed definitive treatment of the ureteral stone. 

There is good evidence that ureteral stents are not necessary following successful 
uncomplicated ureteroscopy where there is complete stone fragmentation, no perfo- 
ration or infection [4]. However, patients who did have ureteral stents had a slightly 
lower, albeit non-significant, rate of urologic complications following ureteroscopy 
[5]. Despite the vast literature supporting not stenting following ureteroscopy, there 
are still two large groups of surgeons who routinely stent and those who do not stent 
after uncomplicated ureteroscopy [6]. Stenting after use of a ureteral access sheath 
does decrease postoperative complications and emergency room visits [7, 8]. 

Stents can be placed in the acute setting to treat obstructing hydronephrosis and 
pain. While it is common to place a stent to temporize the patient until shockwave 
lithotripsy (SWL) can be performed, ureteral stents have been shown to hinder the 
passage of stone fragments following SWL [9, 10]. Therefore, placement of a ure- 
teral stent prior to SWL does not improve the rate of stone passage nor does it 
significantly prevent the occurrence of steinstrasse. Stents should only be placed for 
reasons of infection, acute renal injury, and unrelenting pain. There is no evidence 
to place a stent prior to SWL to promote stone passage. 


Methods of Stenting 


The two main methods of inserting a ureteral stent involve placing a ureteral stent 
over a guidewire—either through a cystoscope or visually placing it using fluoros- 
copy only. There are slight modifications to these two techniques that will help in 
various situations. Below are two different techniques for ureteral stenting. 


Stenting Through a Cystoscope 


1. Fluoroscopy is typically required to ensure that the stent is placed properly. 

2. Lightly diluted contrast can be placed into the kidney and renal pelvis to high- 

light that area and identify when the ureteral stent is in the correct position. 

A guidewire must be in placed in the kidney and confirmed by fluoroscopy. 

4. Examine the stent for markings to (a) ensure you are inserting the correct end if 
one end is tapered or if it is a dual durometer stent and one end is meant for the 
kidney and the other for the bladder and to (b) familiarize yourself with markings 
of where the distal bladder curl will occur so that you do not push the stent too 
far into the ureter. 

5. Place the stent over the guidewire and insert it through the working channel of 
the rigid cystoscope. The stent should be directly visualized through the cysto- 
scope as it inserts over the guidewire into the ureteral orifice. Ensure that you do 


1S’) 


10 Ureteral Stents 139 


not insert the distal marker that delineates the bladder curl too far into the ureter. 
The proximal portion overlying the kidney should be visualized using fluoroscopy 
and as the stent enters the collecting system, the guidewire can be slowly 
withdrawn to allow the kidney portion to curl. 

6. The guidewire can then be removed while holding the pusher with the stent in the 
correct position and the stent is visualized within the cystoscope. A good bladder 
curl should be ensured with direct visualization. 


TIP: To ensure a good renal coil, leave the suture string on during placement 
(even if you intend to remove it later). Leaving the string on the stent will give you 
the ability to bring the stent backwards as well as forwards to ensure good position- 
ing. Once the guidewire has been slightly removed as the stent enters the renal col- 
lecting system, if a proper renal coil is not seen on fluoroscopy, gently pull on the 
string of the stent to move it backwards into the proximal ureter. Once the stent is 
there and has straightened here, use the pusher to push it back into the renal pelvis 
(without the guidewire being in the proximal curl) and this will allow the curl to coil 
nicely. To remove the string, ensure you can see the stent in proper position either 
cystoscopically or fluoroscopically, cut the string loop and pull the string out while 
holding the pusher to keep the stent in proper position. This should be monitored 
cystoscopically or fluoroscopically. 


Stenting Using Fluoroscopy 


1. Lightly diluted contrast can be placed into the kidney and renal pelvis to high- 
light that area and identify when the ureteral stent is in the correct position. Be 
careful not to inject highly concentrated contrast as it makes the proximal curl of 
the stent difficult to visualize on fluoroscopy. 

2. A guidewire should be in placed in the kidney and its position confirmed by 
fluoroscopy. 

3. Insert the stent over the guidewire and use the pusher to advance the stent into 
the patient's ureter. 

4. Maintain fluoroscopic surveillance of the bladder portion to ensure the stent does 
not coil up inside the bladder (which also leads to losing your guidewire access). 
Ensure the pusher end with the radiopaque marker is inserted first and look for 
this mark on fluoroscopy. A general rule of thumb is that this marker should be at 
the lower limit of the pubic symphysis for females and at the mid pubic symphy- 
sis for males to ensure that the stent is not inserted too far into the ureter. Be care- 
ful to adjust your landmarks in females with cystoceles: the limit is then much 
lower than the bottom portion of the pubic symphysis. These stents can almost be 
inserted just visually to the urethral meatus and then pushed into the bladder using 
a rigid cystoscope or Foley catheter given the short female urethra. 

5. Once the stent pusher is inserted to the proper level, fluoroscopy of the kidney 
should be performed to ensure that the stent is in the renal pelvis. Slightly with- 
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draw the guidewire to allow the renal coil to curl in good position. If it does not 
coil properly, use the string to wiggle the stent backwards into the proximal 
ureter and then use the pusher again to push it into the kidney and it should curl 
nicely. (Remember not to hold the string while you are advancing the stent with 
the pusher, as these two opposing forces will not result in good stent positioning). 
If there is concern regarding the status of the proximal ureter (e.g. perforation), 
then care must be taken if the stent is pulled back into this area. If there is a 
known perforation, this technique should not be employed and the stent should 
not be pulled back into this area for fear that it may exit out the perforation. 

6. Direct fluoroscopy over the bladder and observe that the stent pusher marker is 
in the correct position (mid symphysis for males, bottom of the symphysis for 
females) and then cut one end of the string (if you are going to remove it) and 
pull it out while holding the stent in place using the stent pusher. Continuous 
fluoroscopy should be used here to ensure the stent is not being pushed too far. 
Be sure to hold the end of the pull-string that contains the knot so that the whole 
suture can be removed smoothly through the stent hole. Remove the entire guide- 
wire and the stent should curl nicely in the bladder. 

7. If the bladder curl does not coil and is in the urethra, apply gentle suprapubic 
pressure which will often pull the stent into the bladder. Using the rigid cysto- 
scope or a Foley catheter will also help move the bladder curl end of the stent 
into the correct position. If that fails, then direct visualization with cystoscopy is 
necessary to find the stent and push it or grasp it if needed and position the 
coil inside the bladder. Stents that are left across the bladder neck and sphincter 
will result in total urinary incontinence and are poorly tolerated requiring 
repositioning. 


Problem: The Stent Is Too Short! 


1. If the kidney coil is in good position, but the distal coil marker is well within the 
ureter (as seen through a cystoscope) or the stent pusher marker is above the 
desired location on fluoroscopy, the chosen stent length is too short. This is 
another reason to leave the string on the stent as it can simply be pulled back over 
the wire and exchanged for a longer stent. If a string is not present, the entire 
guidewire and stent can be pulled back as one unit to try and remove the stent. 
Cystoscopy and a grasper may be necessary to remove the stent. If this is done, 
remove the stent to the urethral meatus and pass another guidewire through it to 
preserve ureteral access. 

2. To date, many measurements have been attempted to try and determine a surro- 
gate marker that correlates well with ureteral length. These include height, torso 
length, CT length of the ureter [11—20]. The results appear to be mixed and the 
truest measurement is to use a ureteral catheter with graduated markings to 
directly measure the length of the ureter, although some of the other measure- 
ments (particularly CT) seem promising [12]. 
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Problem: The Distal End of the Stent 
Is Pushed into the Ureter 


1. If the stent is too short or a proper length stent is inserted too far into the ureter 
and nothing is visible within the bladder, this should be dealt with at the time of 
surgery rather than delaying repositioning. Such stents may not drain properly 
and may result in severe bladder symptoms from irritation of the ureterovesical 
junction. In some cases, it can result in severe hydronephrosis and if there is any 
ureteral or renal perforation, may lead to a urinoma. 

2. Note: Leaving the string on the stent for positioning will often prevent this prob- 
lem because if the stent is too short, it can simply be removed and exchanged for 
a proper length. 

3. Rigid graspers with a semi-rigid ureteroscope can be used to remove the coil into 
the bladder to properly position the stent. Nitinol baskets can also be used, but 
can be tricky since the basket must be opened and placed around the end of the 
ureteral stent. This can be difficult since the space in the distal ureter is collapsed 
and not usually dilated. Furthermore, the nitinol basket can easily slip off the end 
of the stent when removing it from the ureter. If available, graspers offer the best 
method for grasping. 

An interesting technique that does not involve a ureteroscope is to place a 
guidewire into the ureter beside the misplaced stent. Insert a ureteral dilating 
balloon next to the stent and gently inflate (it does not need to be inflated to its 
nominal pressure), and then deflate the balloon. The deflated balloon forms folds 
and can create some friction and entrap the stent in the balloon and as the balloon 
is gently pulled back into the bladder, the misplaced stent can be pulled back 
with it [21]. If this is not possible, direct ureteroscopy becomes necessary to 
remove it. Care must be taken not to push the stent up the ureter even further 
using this technique. Insert the uninflated balloon under constant fluoroscopic 
guidance and stop if the end of the stent is being pushed up any further into the 
ureter. At that time, rigid ureteroscopy would be necessary. 


Problem: The Stent Keeps Coiling in the Bladder 


1. In some patients, particularly males with longer urethras and/or large prostate 
glands, there is simply not enough "purchase" to insert the stent properly and it 
continually coils in the bladder. If the coil becomes large enough, this can cause 
the guidewire and stent to come out of the ureter and for all of it to coil in the 
bladder, thus leading to loss of ureteral access. 

2. This can be avoided by ensuring that there is proper back-tension on the guide- 
wire while advancing the ureteral stent. In males, ensure the penis is put on 
stretch and straighten the guidewire in line with the penis as much as possible. 
Having the assistant hold guidewire taut and on slight back-tension (enough ten- 
sion to make it taut without actually pulling it out) will help. 
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3. If the urethra is still too tortuous and the wire is coiling in the bladder, then 
switching to a stiffer guidewire may be helpful. In general, the softer the wire 
and the more hydrophilic it is, the more likely you are to lose access if there is 
any urethral tortuosity. 

4. If the stiffer guidewire does not help advance the ureteral stent due to bladder coil- 
ing, “purchase” can be increased by removing the stent leaving just a stiffer guide- 
wire and then inserting an 8F coaxial dilator over which a shorter 10F sheath is 
inserted. These are often obtained in dilation kits and the dilator and sheath come 
as a Set. Insert the 8F dilator first followed by the sheath and then remove the 8F 
dilator. Be sure to insert the 10F dilator all the way to the urethral meatus in men 
to ensure that this sheath runs from the meatus directly into the ureter. This pro- 
vides good backing for the stent as it runs though the urethra directly into the 
ureter. Therefore, the guidewire is no longer able to coil in the bladder. The stent is 
then inserted through the 10F sheath over the guidewire and the proximal portion 
is positioned using fluoroscopy as described above. The distal bladder curl is then 
positioned using fluoroscopy in the same manner, but before remove the guide- 
wire, the 10F sheath must be removed while holding the pusher with the radi- 
opaque marker visible under continuous fluoroscopy. Once the sheath has been 
pulled back, remove the string (if desired) and then the guidewire to coil the stent 
in the bladder. Pull-strings can still be left on if desired using this technique. 

5. Another method with just a guidewire in the ureter is to backload the guidewire 
into the cystoscope and position the cope in line over the ureteral orifice. Rotate 
the beak of the scope that beak will prevent the guidewire from looping out 
medially within the bladder and then insert the stent through the cystoscope. 


Problem: I Cannot Advance the Stent Past 
a Tightly Impacted Stone in the Ureter 


If the intention is to insert a ureteral stent past an obstructing stone for delayed 
definitive therapy (e.g. shockwave lithotripsy, drainage of obstructive pyelonephri- 
tis, pain relief, etc.), this may pose a challenge in placing a stent through a tight area 
adjacent to the stone. 

Obtaining guidewire access past the obstructing stone: 


]. Ensure the guidewire is past the obstructing stone. If the guidewire does not go 
by the stone easily, remove the cystoscope and insert a 5 or 6F ureteral catheter 
to buttress the guidewire and try to gently probe past the stone. TIP: do not have 
the ureteral catheter directly adjacent to the stone, move it back about 5 mm so 
that the guidewire may be able to probe past the obstructing stone. The cysto- 
scope often provides some needed resistance and backing to insert the guidewire; 
therefore, leaving the cystoscope in place may be helpful. Injecting dilute con- 
trast through a ureteral catheter may also open up the plane between the impacted 
stone and the ureteral wall to try and dislodge the ureteral stone. 
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2. Change to a hydrophilic wire through the ureteral catheter and probe gently back 
and forth taking care not to perforate the area around the impacted stone which 
is often edematous and prone to perforation. Using an angled guidewire at this 
time may also be helpful as well. Inserting an angled angiographic catheter over 
the wire may also be helpful as well to bypass the impacted ureter. 

3. If this is still not possible, insert an 8/10 Fr coaxial dilator and sheath leaving in 
just the 10 F sheath. This will help buttress the ureteral catheter. Again, try 
probing. 

4. Exchange the ureteral catheter for an angled 5 or 6F angiographic catheter with 
the hydrophilic wire. Placing an angled hydrophilic wire provides two angled 
access points. When using an angled wire or catheter, be sure to probe and gently 
rotate the catheter and wire so that different combinations will provide different 
angles with which to attach the impacted stone. This double-angled combination 
of catheter and hydrophilic wire should be able to bypass all but the most 
impacted ureteral stones. Continue to rotate the angled ureteral catheter while 
probing and rotating the angled guidewire to attempt to pass the blockage. 

Inserting a stent past the obstructing stone: 

5. Now that guidewire access is obtained, a ureteral catheter may be placed to (a) 
help dilate the area past the stone and to (b) inject dilute contrast to highlight the 
renal pelvis (this will help confirm the proximal coil being in the renal pelvis and 
to avoid unrecognized perforation of the guidewire and insertion of the proximal 
end of the stent outside the collecting system though a perforation). 

6. If just a guidewire is present, a stent may be inserted over the wire making 
sure to provide good back-tension on the wire. If this does not provide 
enough purchase or buttressing to advance the stent, insert the 8/10F coaxial 
dilator and sheath leaving just the 10F sheath. Insert the stent through the 
middle of the 10F sheath which will give it more backing to buttress the stent 
past the stone. 

7. Placing the stent over a super-stiff (hydrophilic) wire through the 10F dilator 
may also be helpful. 

8. If the above fails, the stone is too impacted and a decision must be made at 
this point to either place a ureteroscope (if available) and perform lithotripsy 
of the stone in order to make more room in the ureter to place a stent. In the 
setting of sepsis, more minimal lithotripsy is preferable and attempt to keep 
the amount of irrigation and pressure to a minimum to reduce the amount of 
intravasation of infected urine in the kidney. In the setting of obstructive 
sepsis, it is preferable to laser or treat the stone enough so that the stent can 
be placed. It is often tempting to completely treat the entire stone, but his can 
be dangerous and lead to even more overwhelming sepsis. If there is no sign 
of sepsis, more immediate treatment of the stone would be warranted such as 
more immediate shockwave lithotripsy or definitive ureteroscopy and 
lithotripsy. 

9. Another option would be to stop the endoscopic procedure and perform a percu- 
taneous nephrostomy tube either in the operating theatre or in the interventional 
radiology suite depending on the skillset and facilities available. 
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Problem: I Cannot Advance the Stent Past 
a Tight Area in the Ureter 


If there is no obstructing stone in the ureter and a stent cannot be advanced past 
a tight area, the following may help: 


]. Exchange your guidewire for a ureteral catheter and shoot a retrograde pyelo- 
gram to (a) highlight the anatomy of the area of narrowing and (b) to opacify the 
renal pelvis to confirm ureteral stent position. 

2. If itis a stricture, serial or balloon dilators may be advanced to this area to open 
the stricture followed by stent insertion. 

3. [f there is no stricture, but only narrowing, then a 8/10Fr dilator and sheath can 
be inserted leaving only the 10Fr sheath. The guidewire is left through the 10F 
sheath and the stent can be advanced through the sheath. The 10F sheath will 
allow for more buttressing of the stent. 

4. If still unsuccessful, a smaller caliber stent may be attempted. Many hospitals 
only carry one size of ureteral stent, but it would be prudent to have a small num- 
ber of smaller diameter stents for such cases. 

5. If the ureter is still to tight, serial dilators or balloon dilators may be advanced 
over this area to permit passage of a stent. 

6. If nothing is successful and drainage is absolutely essential (e.g. perforation, 
acutely elevated creatinine from an obstructing stone that was successfully 
treated, or sepsis), then a 5 or 6 F ureteral catheter may be left in the renal pelvis 
for drainage and inserted into a foley catheter for drainage. The ureteral catheter 
will allow for passive dilation of the ureter and subsequent attempts at stenting 
can take place within a few days to a week or facilitate distention of the system 
with contrast for insertion of a percutaneous nephrostomy tube. 


Post-operative Management 


There is no evidence to support routine antibiotic use in stented patients following 
ureteroscopy and the AUA guidelines just recommend less than 24 h of antibiotics 
(pre-operative and peri-operative antibiotics) [22]. Stent symptoms are common 
including flank pain, dysuria, hematuria, infection and encrustation if left in long 
enough. To reduce the rate of stent symptoms, there is good Level I evidence to 
place patients on a daily alpha blocker until the stent is removed [23]. This is thought 
to relax the ureteral smooth muscle around the ureteral stent to reduce symptoms 
and improve patient tolerability. 

There is no evidence on how long to leave ureteral stents after uncomplicated 
ureteroscopy, but the literature supports any time after 48 h to 7 days. Leaving a 
dangle string on the stent makes removal easier and does not have any disadvan- 
tages [24, 25]. There has been a case report, however, of a patient with a dangle 
string who removed only the string which broke and the stent was retained [26]. 
This example stresses how important patient education is in ureteral stenting. 
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Conclusion 


Ureteral stents are often a necessary part of ureteral stone management. They can 
provide life-saving urine drainage in infected systems or facilitate drainage of the 
kidney after a ureteroscopic procedure. The decision on whether to stent following 
ureteroscopy that is uncomplicated (successful fragmentation of the stone, absence 
of infection and perforation) is the surgeon’s decision as there is good evidence to 
support that they are not always necessary in these cases. There are several ways 
and tips on how to place ureteral stents for different scenarios. Insertion of stents 
for malignant ureteric obstruction is outside the realm of this book and can be 
reviewed elsewhere. Patient counseling is paramount prior to ureteral stent inser- 
tion to ensure they understand what symptoms to expect and that they understand 
they must have the stent removed at some point as it is only meant to be a temporary 
drainage device. 


Take Home Points 

* Ureteral stents are commonly used in urology today. 

* There are different techniques on inserting a stent and various techniques 
when there is difficulty inserting a stent 

* Maintaining a wide armamentarium of guidewires, catheters and stents is 
necessary to ensure patients will receive proper care. 
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Chapter 11 
Adjunctive Equipment for Ureteral 
Stone Management 


Samuel Haywood and Sri Sivalingam 


Introduction 


The management of ureteral stones has evolved over the past several decades — where 
removal of ureteral calculi once required an open procedure, now virtually all calculi can 
be treated with a minimally invasive approach. This advancement has been fostered by 
significant technological improvements in both endoscopic visualization and dexterity. 
Instrumental in this transition has been the development and improvement of adjunctive 
tools used in ureteral stone management. The vast armamentarium available in endou- 
rology today not only requires the urologist to possess endourologic surgical skills, but 
also expertise and knowledge regarding the available equipment and proper use of each 
device. This chapter will provide an overview and discuss the practical application of the 
available ancillary equipment used in the management of ureteral stones. 


Ureteroscopy 


Ureteroscopy (URS) begins with obtaining access to the ureter, which in most cases, 
is achieved cystoscopically in a retrograde fashion; occasionally, however, access is 
obtained antegrade through an existing percutaneous nephrostomy tract. In either 
case, a guide wire is introduced into the ureter to enable access. A second wire may be 
introduced as a safety wire, although some experienced surgeons suggest this may not 
be necessary [1]. Once in position, the wires are used to introduce the ureteroscope 
into the ureter. The ureteroscope is then used to locate the offending calculus, wherein 
various working elements may be introduced to treat and/or remove the stone. 
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Ureteroscopes 


Paramount to successful outcomes in endourology is to select the most suitable 
ureteroscope for the task. Ureteroscope functionality depends on the size, visualization 
(optics and irrigation), and available working channels. Ureteroscopes can be catego- 
rized as semi-rigid or flexible, the former of which is basically a rigid scope that toler- 
ates a small amount of bend. These generally provide better irrigation and visualization 
compared to the flexible ureteroscope [2]. However, the stiff shaft and narrow tip car- 
ries a potentially higher risk of damaging the urinary tract during insertion or use. 

As opposed to the semi-rigid ureteroscope, the flexible ureteroscope has a flexible 
shaft that can be actively deflected to target the calculus. The flexible ureteroscope 
continues to improve with each generation, and this evolution includes decreased 
shaft diameter, improved deflection capability, and improved working channel cali- 
bers. The advantages of the flexible ureteroscope include improved maneuverability, 
longer length allowing access to all parts of the collecting system, and decreased risk 
of ureteral perforation. These advantages not only allow for superior performance 
with ureteral calculi in the upper third of the ureter but also allow for management of 
upper tract tumors or other pathology [2]. The main disadvantage of the flexible 
ureteroscope is the fragility of the device requiring the frequent repairs, and nar- 
rower/limited working channels. A full discussion of both semi-rigid and flexible 
ureteroscopes as well as the various models is provided elsewhere in the text. 


Wires 


The classic technique of URS begins with securing a guidewire into the upper uri- 
nary tract for obtaining and maintaining access during the case. Prior to the intro- 
duction of wires for endourologic application, access into the upper urinary system 
utilized ureteral catheters. The shift to the use of the guidewire represents a signifi- 
cant improvement, as the wire is thinner, better at bypassing obstruction, causes less 
trauma to the ureter, and can subsequently be used as a guide for introduction of 
additional equipment [3]. A large variety of commercially available wires can be 
used, which that vary across a number of characteristics — diameter, tip properties, 
shaft rigidity, and surface coating [4, 5]. The ideal guidewire would require little 
flexion force upon meeting resistance but a large force to puncture tissue [5]. The 
"margin of error" is the inherent difference between the ureteral perforating force 
and the force required to bend the tip [5]. That is, the wire that flexes too easily upon 
meeting resistance will also more readily slip out of position during manipulation, 
while a wire with a stiffer shaft will resist this tendency to slip but may require less 
force to perforate the ureter. 

It should be stated that there is no unifying single ideal wire. A given procedure 
may require one to several different wires depending on the challenges encountered. 
Selection of the appropriate wire is instrumental in accessing and treating the 
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ureteral stone while minimizing the risk of iatrogenic injury. For example, selecting 
a hydrophilic (i.e. slippery) guide wire may allow easy initial access to the difficult 
ureter, while switching to a wire with a stiffer shaft allows for increased stability for 
introducing other working elements. 


Properties of Wires 


The inner core of the guide wire is termed the mandrel and determines the rigidity 
of the wire [3, 6]. Common compositions of the mandrel are nitinol (a composite 
alloy of nickel and titanium) and stainless steel. The characteristics of nitinol give 
the metal a memory; i.e., it will return to its original shape after bending [7]. While 
this resists kinking, memory may allow movement of the wire after pressure is 
released resulting in change in wire position. Stainless steel wires have increased 
shaft rigidity compared to nitinol cores, but may kink permanently with various 
forces [3]. The use of this stiffer shaft may be used to straighten a tortuous ureter or 
as a guide over which to pass stents, sheaths, or other instruments. The Amplatz 
SuperStiff wire (Boston Scientific) is a commonly used stiff wire with greater shaft 
rigidity for passing additional tools. However, it is worth noting that attempts to 
backload a flexible ureteroscope over a stiff shaft wire can cause damage to the 
working channel of the scope [2]. To combat this risk, some manufacturers (e.g. 
Cook) have created SuperStiff wires with double floppy tips. 

The outermost layer of a wire is an coating that decreases resistance during travel 
[2]. The two most common of these are the PTFE (polytetrafluoroethylene) or a 
hydrophilic coating. PTFE coating is considered the “standard” coating on wires 
and allows passage of the wire with low friction. However, certain situations (e.g. 
impacted calculus, tortuous ureter) dictate a need for a more slippery wire to pass 
the area of obstruction. As such, wires are used with hydrophilic coating which has 
a lower coefficient of friction to allow for easier passage. While hydrophilic coat- 
ings allow extremely low friction passage of the wire, wires with these coatings 
often do not have sufficient rigidity for passage of additional equipment, such as 
a ureteral stent, access sheath, or ureteral catheter. In addition, the slippery nature 
of these wires that makes them so beneficial for retrograde passage unfortunately 
is also responsible for a tendency to migrate or slip out of the upper urinary tract 
during manipulation [2]. In order to maximize the hydrophilic properties of these 
wires, they must be wet prior to use and kept moist during the procedure. If allowed 
to become dry, the coating may become “tacky” and difficult to use [3]. Examples of 
hydrophilic coated wires include the Glidewire™ (Boston Scientific) and NiCore™ 
(Bard Urological). 

Other important properties of wires include the size and tip design. Wires range 
from 0.018 to 0.038 in. in diameter, with 0.035 in. and 0.038 in. sizes the most com- 
monly used in adult ureters. Length of wires range from 145 to 280 cm [6]. The tips 
of wires often have different properties from the remainder of the wire, with the goal 
of presenting a safer leading edge. More specifically, the tips are designed to be 
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Fig. 11.1 Guidewires 
(Straight tip and Angle Tip, 
both Boston Scientific 
Glidewire) 
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flexible and soft in order to minimize ureteral trauma and allow maneuverability in 
the face of resistance [2]. The tip length can be variable, with the standard length 
being 3 cm. The Bentson-tip notably has a longer length of floppy tip (8-15 cm), 
which allows for extra curls of wire in the renal pelvis. This property makes a 
Bentson-tip wire especially useful as a safety wire [3]. The shape of the tip may be 
straight, angled, or J-shaped [3] (Fig. 11.1). The straight tip is the most common and 
is often the first choice in the setting of normal ureteral anatomy. The angle tip may 
prove useful in settings (e.g. prostatic hypertrophy with significant median lobe 
component) where the angle of approach to the ureteral orifice is unattainable with 
the straight tipped wire. The J-tipped wire is less common, but has a curl at the tip 
that presents an "elbow" at the leading edge that may reduce trauma to the ureter 
[3]. These may be useful in settings of impacted stone or significant ureteral edema. 
In addition, some wires as mentioned above are manufactured with dual tips on both 
the proximal and distal ends. The addition of a floppy tip to the proximal end of the 
wire allows for backloading the wire with decreased ureteroscope trauma [2]. 

More recently, hybrid guidewires have been introduced, which combine the ben- 
eficial properties of multiple types of wires (e.g. Sensor Wire™, Boston Scientific; 
UroWIRE XF"', Applied Medical; and U-Nite™, Bard Urological). In general, these 
wires possess a kink-resistant core, a distal tip with hydrophilic coating, and a soft 
proximal tip for backloading of a ureteroscope [2]. 


Comparisons of Wires 


Given the variety available on the market, several groups have attempted to compare 
wire characteristics in order to help guide selection of the appropriate wire. Clayman 
et al. provided an early systematic comparison of guidewires, assessing two main 
functions - safe access to the upper tract and providing a guide over which to 
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advance instruments [6]. The Boston Scientific Glidewire™ was suggested as the 
safest access wire, as it demonstrated the most lubricity and the safest tip. With 
respect to the ability to guide other instruments, the Amplatz super stiff guide wire 
demonstrated the greatest shaft rigidity. The rigidity of this wire was significantly 
greater (p « 0.05) than all other wires tested. 

In a comparison of hydrophilic wires only, Torricelli et al. compared wires with 
hydrophilic coatings on a variety of similar parameters [8]. Similar to the Clayman 
study, the Boston Scientific Glidewire™ was declared the safest wire to avoid perfo- 
rations, secondary to the most flexible tip and highest force required to perforate a 
test sheet of aluminum foil. Notably, the Boston Scientific Zipwire" had similar 
results with respect to tip perforation (p =.340 versus the Glidewire), but the higher 
shaft rigidity of the Glidewire (p «0.001 versus the other tested wires) suggested 
improved versatility for use with other instruments. It has been suggested that the 
very low coefficient of friction with hydrophilic coating may decrease tactile feed- 
back and enable creation or propagation of a false passage. 

Sarkissian et al. also provided a systematic evaluation of the hybrid guidewires 
[9]. Noteworthy is their comparison of shaft stiffness to the Amplatz SuperStiff and 
tip hydrophilicity relative to the NiCore™ and RadiFocus™ guidewire. They found 
that the Amplatz wire remained the stiffest wire available, with at least 34 % greater 
shaft bending force than the other wires, and accordingly, it continues to be the 
wire most suited to passing instruments. All in all, the wires produced by Boston 
Scientific (RadiFocus™, Sensor™, Amplatz) were noted to have lower tip bend- 
ing force compared to the Bard-manufactured wires (U-Nite™, Ni-Core™), which 
confers greater applicability in the difficult ureter. Further, the RadiFocus™ wire 
showed the highest force required to puncture tin foil (p<0.001), and thus may be 
considered as one of the safest hybrid wires for initial access. Finally, it was noted 
that the Sensor™ wire had the highest coefficient of friction (p<0.0002), supporting 
its role as a safety wire with low risk of inadvertent migration. 

While the above studies were performed in laboratory simulations, Liguori et al. 
tested several guidewires within cadaveric ureters [10]. As with other studies, the 
nitinol hydrophilic wires (Terumo Radifocus", Boston Scientific Sensor") were 
considered the safest for initial access. In fact, these two wires never perforated the 
cadaver ureter. Further, the Sensor™ had the lowest friction value of the tested wires, 
and was concluded to be the safest. Comparison was also made of several PTFE- 
coated wires, which would be considered more appropriate for passage of catheters or 
stents. Among those considered (Boston Scientific PTFE guidewire, Medtronic PTFE 
guidewire, and Emerald Cordis Guidewire), tip safety and friction tests were similar, 
but the superior resistance to bending of the Boston Scientific PTFE guidewire sug- 
gested it as the most preferable for use with introducing instrumentation. 


Ureteral Dilation 


After passage of guide wire(s), the ability to introduce further elements such as an 
ureteroscope, access sheath, or other instruments may be limited by a tight ureteral 
orifice, ureteral narrowing/stricture, or both. These may be related to normal 
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anatomic variants, congenital abnormality, or related to prior medical treatment or 
surgery. The most common area requiring dilation is at the ureterovesical junction 
[2]. Ureteral dilation can be accomplished by coaxial dilators, ureteral access 
sheaths, balloon dilation, or interval ureteral stenting. 

Coaxial dilation was the original method of ureteral dilation. This is accomplished 
by sequential passage of increasingly large dilators or a single tapered dilator. Both 
are passed over a guidewire to promote safe dilation. The use of a stiff shaft wire 
provides the best guide for passage of coaxial dilators. The main advantages of coax- 
ial dilation include relative quickness of dilation as well as significantly lower cost 
compared to balloon dilation [11]. However, the dilation occurs via axial shearing 
force, which may cause mucosal injury and predispose the ureter to strictures [2, 11]. 

Ureteral access sheaths (UAS) can be considered a variant of coaxial dilation. 
These will be discussed in detail elsewhere in the chapter, but consist of an outer 
sheath with an inner tapered dilator. Together, these function similarly to a tapered 
dilator, but the inner portion is able to be removed, leaving the outer sheath for pas- 
sage of ureteroscopes or other instruments. As the UAS is passed, the ureter is 
dilated similarly to with other coaxial dilators. This provides secure access proximal 
to the area of narrowing after dilation, but is again associated with axial shear forces 
that may damage the ureteral mucosa. 

Conversely, balloon dilators provide radial dilation to the area of narrowing; force is 
exerted perpendicular to the mucosal axis, causing less mucosal damage [12]. The bal- 
loon catheters are between 4 and 7Fr in diameter, and balloon length can range between 
2 and 10 cm [2, 3]. The system typically consists of a balloon situated around a central 
channel, which is used to advance the system over a wire. A second channel consists of 
tubing to the balloon for balloon inflation. The edges of the balloon length are marked 
with radiopaque markers ensuring knowledge of the outer limits of dilation with fluoros- 
copy. The important features to consider with any balloon dilators include the burst 
pressure as well as the compliance. The burst pressure of most ureteral balloons ranges 
between 8 and 20 atmospheres of pressure. The rupture of a balloon can cause signifi- 
cant damage to the urinary tract, so these products often package pressure gauges in the 
kit to ensure safe operation. The compliance of the balloon dilator determines its effec- 
tiveness, as a more compliant balloon may not overcome the deformity at the area of the 
narrowing, creating a classic hourglass appearance on fluoroscopy. The ideal balloon is 
therefore non-complaint, i.e., it will expand to 100 96 of its designed diameter despite 
external forces. A comparison of ureteral balloons by Hendlin et al. assessed the balloon 
diameter and pressure with varying external compressive forces. This study demon- 
strated the Cook Ascend AQ™ balloon to be the most reliable balloon for use, as it repro- 
ducibly reached published diameter at the designated burst pressure. Notably, many 
balloons tested were not able to reach to target diameter even at burst pressure when 
subjected to larger external forces, which may limit the efficacy of these products [13]. 

Finally, the concept of interval ureteral stenting deserves mention. While not 
technically a dilation strategy, placing a ureteral stent during the acute stone 
episode to return at a later date for URS allows passive dilation. This is associated 
with significantly less chance of subsequent ureteral dilation. A study assessing 
predictive factors for balloon dilation during semi-rigid URS demonstrated fewer 
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Fig. 11.2 Baskets examples: helical with tip (bard urological), flat (Boston Scientific), Multi-Wire 
(Cook) 


requirements for dilation in patients with prior stent placement. Overall, dilation 
was performed in 27.5 % of procedures, while patients with prior stent required 
dilation only 1.8 % of the time [12]. In the setting of difficult ureteral access, this 
option may prove to be a safer strategy to avoid iatrogenic injury. 


Manipulation Devices 


Once the calculus is visualized, the ability to manipulate and/or remove it is depen- 
dent on the use of a manipulation device such as basket or forceps. Over time, the 
size of these devices has decreased enabling their passage through the working ports 
of most ureteroscopes. Baskets generally consist of several wires configured to sur- 
round the calculus to allow for manipulation, while forceps consist of two or more 
prongs that grasp the stone for manipulation. In general, both baskets and forceps 
rest within the shaft of the device, and are then extended beyond the shaft toward the 
target by the user using a handle at the end [14]. 

There are several characteristics of basket construction that must be considered 
for selection. As with guidewires, baskets may be composed of stainless steel or 
nitinol alloy [3]. The stainless steel baskets are stronger and may be preferred in a 
situation where ureteral distention is necessary for stone grasping. On the other 
hand, the elasticity of nitinol baskets may prove helpful in snaring eccentrically 
located stones. Further, the smaller size (in general) of nitinol devices allows for 
improved visualization through a similarly sized scope. 

Another important characteristic is the wire configuration of the basket: flat- 
wire, helical, or multi-wire (Fig. 11.2). Baskets generally consist of 3-16 wires 
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Fig. 11.3 Forceps example 


arranged in various configurations. Flat-wire baskets consist of wires arranged 
concentrically. This is the most commonly used shape of basket. While it will reli- 
ably grab a target calculus, the shape may be less suited for manipulation of multi- 
ple calculi [3]. Helical baskets, as the name suggests, consist of wires that intertwine 
in a helical pattern around the target. This pattern grips the calculus securely, and as 
such may prove helpful for the entrapped stone, but the smaller openings may limit 
the size of calculus. Finally, multi-wire baskets consist of several wires arranged 
parallel to form a “canopy” [3]. This style may be most useful for removal of mul- 
tiple calculi (Fig 11.3). 

Some surgeons may choose use of a basket with a hollow core. This allows for 
passage of the basket over a wire or for advancing a laser fiber through the basket. 
The ability to pass a laser fiber may prove useful for performing lithotripsy on a 
stone held within the basket. Care must be taken to prevent striking the basket wires 
and potentially releasing a foreign body in the ureter. 

Finally, the presence or absence of a tip is an important decision in basket selec- 
tion. The tips extend beyond the cage of the basket, and in the ureter may help to 
negotiate a difficult ureter. However, a tip may prove to be dangerous, as it increases 
the risk for mucosal damage and/or perforation. As such, most baskets available 
today are of tipless design. If straightening a tortuous ureter is necessary with the 
use of tipless baskets, one can advance a guidewire first to assist with this. 

Forceps consist of two or more prongs that extend from the shaft to grasp the target. 
They are different from baskets in that the prongs do not converge to a single point 
distally. Forceps may potentially be safer in the setting of larger calculi; i.e., if the 
stone becomes trapped in the ureter during removal, it may be more readily released, 
and reduce the risk of ureteral trauma or avulsion [3]. A comparison of various forceps 
and baskets in a porcine ureter model demonstrated that the simple two-prong forceps 
provided the fastest extraction for a single ureteral stone. The three-prong graspers 
were only slightly slower, but produced significantly higher tissue damage on mac- 
roscopic evaluation of the tissue. Within the baskets studied, the helical type basket 
provided the most efficient extraction in all models (single stone, impacted stone, 
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Fig. 11.4 Ureteral access 
sheath (cook) 


steinstrasse) [15]. Comparison studies are available in the literature which evaluate 
individual basket types on applicable characteristics [16, 17]. While many baskets 
were tested, these studies found that the Sacred Heart Halo™ basket exhibited the best 
radial dilation, while the Cook N-Circle™ was the most expedient to extract a stone. 


Ureteral Access Sheaths 


The use of flexible ureteroscopes for calculus disease has drastically increased the 
abilities of the endourologist to treat ureteral calculi. However, difficulties still exist 
in their use. For example, it is common that complete removal of a ureteral stone 
may require several “passes” of the scope with a basket or forceps. This increases 
the chances of urethral or ureteral damage, and decreases the life of the uretero- 
scope as it is repeatedly passed over a wire. Further, the small irrigation channels of 
the flexible ureteroscope require significant pressure to allow adequate visualiza- 
tion. This pressure can transmit to the renal pelvis and cause increased pain or fluid 
absorption secondary to pyelovenous backflow. The ureteral access sheath (UAS) 
was introduced to address such concerns, and provide consistent, safe access to the 
ureter and kidney. 

While various models exist, the basic design of the UAS remains the same 
(Fig. 11.4). A tapered dilator rests inside the outer sheath, connecting to provide a 
smooth, dilating surface. The outer sheath is usually coated with a hydrophilic coat- 
ing to reduce the coefficient of friction and allow for smooth passage of the 
UAS. Options with the UAS include outer diameter (ranging from 9.5 to 16Fr) and 
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sheath length (20—55 cm) [18]. The appropriate size selection depends on the caliber 
of the ureter and ureteral orifice, as well as the size of the ureter and location of the 
stone to be treated. A UAS is placed over the working wire and advanced under fluo- 
roscopic guidance to the desired location. It is recommended to have a safety wire 
in place, and introduce the UAS over a stiff working wire to reduce the risk of wire 
buckling and iatrogenic injury. Once in appropriate position, the working wire and 
inner obturator are removed, and URS may commence. 

Certain advantages and disadvantages exist with the use of the UAS. Certainly, 
using a UAS in situations with large or multiple calculi will decrease operative time 
by allowing quick removal and re-entry of the ureteroscope. Prospective trials have 
compared URS for lithotripsy (with basketing) with and without UAS, and these 
have shown significantly decreased operative time and cost in cases utilizing the 
UAS. Operative time was shown to be about 10 min less with the UAS in place, and 
achieved similar stone-free rates despite increased stone burden in the UAS group 
[19]. Further, the ability to re-introduce the ureteroscope without assistance of a 
guide wire reduces trauma to the inner sheath of the ureteroscope. As such, there 
may be decreased ureteroscope repair cost and repair downtime. 

In addition, the UAS decreases the intrarenal pressure generated during URS 
by providing a pathway for irrigant outflow. The use of high-pressure irrigation 
systems during URS can be associated with very high intrarenal pressures. The 
specific effects of this short rise in pressures are not known, but theoretical concerns 
warrant minimizing pressures when possible. Further, it has been suggested that 
elevated intrarenal pressure increases pyelovenous backflow and subsequent fluid 
absorption [19]. Although prior studies have not shown significant fluid absorption, 
the theoretical risks may exist in patients with cardiac and/or renal dysfunction. 
One study utilized renal pressure measurements via percutaneous nephrostomy 
tubes during URS for ureteral calculi. It demonstrated decreased pressures in both 
the renal pelvis and parenchyma with the use of the UAS [20]. Further, the over- 
all increase in flow of irrigation was associated with subjective improvement in 
visualization. 

Concerns raised about the use of UAS centers on the effect on ureteral blood 
flow and associated stricture risk. While study of swine ureters has shown tran- 
sient decrease in ureteral blood flow associated with UAS placement, compensatory 
mechanisms after removal demonstrated return of blood flow to near-normal levels. 
Further, histologic examination of these ureters did not demonstrate any evidence 
of ischemic damage to the ureteral wall mucosa [21]. Indeed, follow-up studies 
of patients undergoing URS with the UAS demonstrate similar rates of stricture 
to standard URS [2]. Regarding ureteral stent placement, un-stented patients post- 
URS treated with UAS were more likely to return to an ER post-operatively for 
evaluation (37 96 versus 14 96) [18]. As such, it is recommended that ureteral stent 
be placed after URS if a UAS is used. 

Much of the danger of UAS occurs during insertion of the sheath. The passage of 
the sheath into the ureteral orifice depends on both the coefficient of friction of the 
sheath and the axial force encountered by the UAS. If the axial force exceeds the 
buckling pressure, the UAS will buckle at the ureteral orifice and may cause damage 
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to the urinary tract. Monga et al. tested eight different UAS with respect to buckling, 
kinking, and lubriciousness. The Cook Flexor™ sheath was suggested as the safest 
UAS to use, as this product had the highest buckling pressure (202 g of axial force) 
and was the most lubricious sheath tested [22]. The superiority of the Cook Flexor™ 
sheath was confirmed in a randomized trial of this sheath versus the Applied Access 
Forte™ sheath. No device failures were noted with the Cook sheath (compared to 
44 96 of cases with the Applied sheath) and subjective measurements by users also 
favored the Cook sheath (ease of placement, ease of instrument passage, ease of 
stone extraction) [23]. 


Irrigation Systems 


Any successful endoscopic procedure requires fluid irrigation to allow adequate 
visualization. Irrigation systems may be passive, i.e., gravity based system with or 
without additional pressure, or actively through a provider-controlled mechanism. It 
is desirable to use only the least irrigation necessary in order to reduce stone migra- 
tion and pressure effects on the kidney. Comparison of several irrigation systems 
showed that gravity-based systems provide less of an impulse to the stone [24]. 
However, the passive irrigation system may not provide enough irrigation pressure 
in more complex situations. Of the hand-held irrigation devices tested in these stud- 
ies, the Boston Scientific Single-Action-Pump™ System was found to exert the 
least average maximum impulse on the stone, and also required the least frequent 
pumps to maintain a clear endoscopic field [24]. The Pathfinder Plus™ irrigation 
bulb (UTAH Medical) is another user-controlled irrigation device that allows for 
variable pressure delivery in a pulsatile or semi-continuous manner (Fig. 11.5). 


Antiretropulsion Devices 


The use of energy for stone fragmentation, regardless of type, can result in an 
impulse to the stone that can lead to retropulsion, i.e., retrograde travel of the calcu- 
lus or fragments. Further, pressure from irrigation systems also adds to this ten- 
dency. This characteristic is undesirable as it may lead to increased operative time 
to retrieve these fragments or residual stone burden requiring additional procedures. 
Varying the type of energy may decrease retropulsion, but there are devices that aid 
in managing this tendency. Elashry et al. provide an extensive review of some of the 
available antiretropulsive devices [25]. 

Balloon based devices have an inflatable balloon mounted on a guidewire plat- 
form, allowing for efficient passage beyond the calculus. One disadvantage of this 
type of system includes the possibility of device rupture if contact is made with the 
lithotripter. Further, a significantly dilated proximal ureter may allow passage of 
fragments despite activation of the device. 
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Fig. 11.5 Pathfinder Plus™ 
irrigation bulb (UTAH 
Medical) 


A second type of antiretropulsion device is passed over a guidewire and provides 
a mechanical backstop to stone movement. In general, these are advanced over the 
wire proximal to the stone, the working element is deployed, and the working 
element forms a barrier. Examples of these include the Stone Cone™, PercSys 
Accordion™, or the Cook NTrap™ devices. All three have been shown in clinical 
trials to decrease stone migration [2]. The Stone Cone™ involves a PTFE sheath 
with concentric coils advanced over a nitinol wire that provides a backstop for stone 
retropulsion. The Accordion?M system consists of a deployable polyurethane film 
that prevents migration. Finally, the N-Trap™ basket involves a deployable back- 
stop consisting of >20 nitinol wires forming a proximal barrier. Despite the varying 
design, all three have been tested in clinical trials demonstrating efficacy in prevent- 
ing retropulsion [14]. A direct comparison of these three showed significant differ- 
ences in performance characteristics (insertion/extraction force, radial dilation 
force, etc.), but all were noted to preventing proximal stone migration [26]. 

Chemical retropulsion devices have been developed recently. This involves the 
use of thermosensitive polymers that harden or liquefy depending on irrigant tem- 
perature [14]. These polymers are placed proximal to the stone, and the use of irri- 
gation fluids result in hardening of the gel and formation of a backstop for stone 
migration. Once the stone is broken or manipulated, the use of colder irrigation 
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Table 11.1 Types of lithotripters 


Advantages Disadvantages 

Holmium laser Low energy spread High initial cost 
Effective against all types of stones Limited life of fibers 
Smaller fragments, less retropulsion 


Electrohydraulic Low initial cost High risk of ureteral injury 
Can be used for several urologic High risk of retropulsion — lower 
issues stone-free rates 

Ultrasonic Low risk to surrounding tissues Only available as rigid probes 
Concominant suction abilities 

Pneumatic Reusable probes Rigid/semi-rigid probes only 
Energy source easily available Significant retropulsion 


liquefies the gel for removal of stone fragments [2]. Prospective trials of these 
polymers with respect to stone retrieval rates or remaining stone burden are not cur- 
rently available, and further research is required. 


Lithotripters 


While the occasional calculus may be extracted simply by irrigation or gentle 
manipulation with basket/forceps, the majority of ureteral calculi are unable to pass 
primarily because the dimensions of the stone are too large for the given ureteral 
diameter. As such, performing lithotripsy to render calculi into fragments suffi- 
ciently small for passage or removal is an essential part of treatment of most ureteral 
calculi. Over the history of URS, several types of intracorporeal lithotripsy have 
been developed which merit discussion, although a more comprehensive discussion 
is provided elsewhere in this book. Advantages and disadvantages are summarized 
in Table 11.1. 


Laser Lithotripsy 


Laser energy has been used extensively in medical applications for many years, and 
its use in urology has greatly increased over the past few decades. Indeed, laser litho- 
tripsy, and specifically Holmium: YAG laser lithotripsy, is the most common energy 
used in lithotripsy and can be considered the gold standard lithotrite with URS [2, 
277]. Energy is transmitted from the laser fiber at a wavelength of 2,140 nm, which 
is highly absorbed by water [28]. Stone treatment occurs via photothermal ablation 
resulting in vaporization of the stone [2]. Because the energy is highly absorbed by 
water in the tissues, the thermal energy spread is only 0.5-1 mm, contributing to its 
safety profile [2]. Secondary to the limited energy spread, lithotripsy is performed 
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by placing the laser fiber in direct or very close contact to the calculus. A laser fiber 
is composed of a fiber core, a cladding that surrounds the core, and an outer jacket 
[27]. Energy enters the core from the source at the proximal end, and is transmitted 
by internal reflection along the length of the fiber before being delivered to the target. 
Under normal circumstances, the light travels efficiently by total internal reflection. 
However, introducing bend to the fiber allows leak of the energy to the cladding/ 
jacket, which may result in decreased efficiency or damage to the system [27]. 

Numerous types of laser fibers are now available. Fibers are often specific to the 
brand of generator used but can often be interchanged. The core of the fiber varies 
in size from 150 to 1,000 um, although typically URS utilizes fibers at the smaller 
end of this range [27]. In addition, fibers are now produced with a ball-shaped tip at 
the distal end, which permits passage of the fiber through a deflected scope [27]. 

During operation of the system, both the pulse energy and pulse frequency can be 
varied. Notably, the use of higher pulse energy will more quickly provide fragmenta- 
tion, but at the expense of larger fragments, greater retropulsion, and more rapid fiber 
degradation. Similarly, increasing pulse frequency allows more efficient energy deliv- 
ery to the target, but the fast pulsations decreases the margin of safety if the uretero- 
scope moves within the ureter [27]. Most endourologists start performing lithotripsy at 
a known median setting (e.g. 0.6 J/6Hz, 0.8 J/8Hz) and adjust as needed during the case. 

Compared to the other lithotripsy options, the Holmium laser provides several 
advantages. First, the short range of energy makes this a safe option with lower risk 
of ureteral mucosal damage. Second, the mechanism of action is effective against all 
types of stones [2]. Finally, the Holmium laser produces smaller residual fragments 
and less retropulsion of fragments than other lithotripsy energies [28]. This results 
in decreased operative time, operative cost, and risk of secondary procedures. 
Downsides of Holmium laser lithotripsy include the high initial cost of the energy 
source as well as the limited life of the fiber [27]. Of note, the Holmium laser gen- 
erator also has other applications in urology (e.g. benign prostatic hyperplasia treat- 
ment and treatment of upper tract malignancies), which may help amortize the 
initial cost of the device. 


Electrohydraulic Lithotripter (EHL) 


In EHL, electrical energy is used to create a spark at the end of the probe. Once the 
probe is in direct contact with the stone, the spark causes vaporization of the sur- 
rounding liquid, followed by collapse of these cavitation bubbles that results in 
stone fragmentation [2, 29]. The EHL system is more commonly used in the treat- 
ment of bladder calculi. The appeal of the EHL system lies in the low initial cost and 
the ability to use the system in treatment of other urologic conditions. However, 
there is a significantly higher risk of ureteral injury, as the spread of energy is higher 
than in Holmium laser lithotripsy. In fact, early rates of ureteral perforation 
approached 40 % [2, 28]. In addition, there is more significant fragment retropulsion 
with the EHL, associated with lower stone-free rates [2]. 
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Ultrasonic Lithotripsy 


Ultrasonic lithotripsy is performed by high-frequency sound waves created by the 
generator, which are then transmitted directly to the probe. The vibration energy of 
the probe is then transferred into the stone, leading to resonance in the stone and 
subsequent fragmentation [30]. Ultrasonic lithotripsy is most common in percuta- 
neous nephrolithotomy or cystolithalopaxy. The ultrasonic lithotripter proves to be 
beneficial for large stone burdens, where the superior efficacy is helpful. Another 
example of this is in the treatment of Steinstrasse following ESWL [29]. 

Ultrasonic energy is a safe form of energy, as surrounding tissue does not resonate 
and suffer damage [29]. Further, ultrasonic probes have the added benefit of con- 
comitant suction through the hollow probe center to remove stone fragments, which 
increases efficiency relative to other forms of lithotripsy [28]. However, ultrasonic 
lithotrites are available only as rigid probes to allow transmission of sound energy, 
which limits their use in the ureter. 


Ballistic/Pneumatic Lithotripsy 


The pneumatic lithotripter works in a conceptually simple way. A rigid probe is 
placed in contact with the target calculus, and compressed air is used to acceler- 
ate an internal projective toward the stone. This energy is transferred to the stone, 
resulting in fragmentation [29]. An advantage of the pneumatic lithotrite is that the 
device may be reused and that the energy source (compressed air) is easily avail- 
able [30]. As with ultrasonic lithotripsy, however, the mechanism of action requires 
a rigid or semi-rigid probe for effective fragmentation. Also, as one might expect 
from the type of energy, retropulsion of stone fragments is a significant problem [2]. 


Take-Home Points 

* Hydrophilic wires provide safest ureteral access in settings of the difficult 
ureter. 

* Use of a stiff guidewire provides a safe platform for introduction of work- 
ing elements. 

° Ureteral access sheaths can decrease operative time and increase stone-free 
rate for larger ureteral stones. 

* Antiretropulsion devices demonstrate efficacy in reducing stone migration 
but have not yet gained widespread use among endourologists. 

* Holmium laser remains the gold standard intracorporeal energy for ure- 
teral stones given its applicability to all stone types and relative safety in 
the ureter. 
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Chapter 12 
Tips and Tricks in the Treatment 
of Ureteral Stones 


David Leavitt, Sammy Elsamra, David Hoenig, and Zeph Okeke 


Introduction 


As with any surgical treatment, the successful management of patients with ureteral 
stones relies on both proper patient selection and sound surgical principles. The 
purpose of this chapter is to highlight many of the most useful tips and tricks of 
SWL and URS when used to treat ureteral stones. Ureteral stones can be managed 
in a variety of ways. Medical expulsive therapy (MET), shockwave lithotripsy 
(SWL), ureteroscopy (URS), percutaneous renal access with antegrade ureteros- 
copy, laparoscopic or robotic ureterolithotomy and open ureterolithotomy are all 
various techniques that have been used to treat ureteral stones. In the early 1980s 
SWL was introduced and drastically reduced the need for open ureterolithotomy. 
Over the ensuing decades semirigid and then flexible ureteroscopy became more 
widely utilized with the miniaturization of the ureteroscopes and working instru- 
ments, and with the increasing dissemination of surgical technique necessary for 
safe ureteroscopy. Indeed, in areas where SWL and URS equipment is readily avail- 
able, open ureteral stone surgery is only rarely undertaken. 


Shockwave Lithotripsy 


The use of shockwave energy to fracture kidney and ureteral stones was initially 
performed in humans in the early 1980s in Germany. The Dornier HM3 lithotripter 
was first produced and distributed in 1983 and the United States Food and Drug 
Administration approved its use for urinary stones in 1984. Shockwave lithotripsy 
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revolutionized urinary stone management because of its noninvasive nature, rela- 
tively high effectiveness and ease of treatment. Over the last 40 years, considerable 
experience has been gained regarding the nuances of SWL and this information can 
be used to improve patient selection for shockwave lithotripsy and to improve the 
outcomes for a given patient who is undergoing SWL. 

There are a number of factors that should be considered when deciding if SWL 
is the preferred treatment modality for a patient, and these include patient features, 
stone characteristics and technical factors. Though many of the stone characteristics 
cannot be changed, many of the technical and some of the patient-specific factors 
can be modified to improve success rates and reduce morbidity associated with 
SWL. This section highlights the tips and tricks to treating ureteral stones with SWL. 


Technical Factors 


One of the easiest, and most important, aspects of SWL treatment that can be modi- 
fied is the rate at which shockwaves are generated, or the shockwave firing rate. 
Good level I evidence exists showing that a slower firing rate, rather than a faster 
one, provides better stone clearance [1, 2]. In fact, a rate between 60 and 90 shocks 
per minute appears to be best and has been recommended as the preferred rate by 
the AUA/EAU guidelines. A slower firing rate may also cause less renal tissue dam- 
age as fewer overall shocks are necessary for stone fragmentation, but is frequently 
associated with a slightly longer operative time [3]. 

Animal studies have shown SWL induces renal tissue and vascular damage which 
appears to be dose-dependent, and may be reduced by altering the amplitude of energy 
delivered during SWL and the rate at which the energy is increased over the course of 
a treatment session. Voltage escalation, or voltage stepping as it is also known, involves 
a stepwise increase in energy settings as the shockwave treatment session progresses. 
Some data suggest a slow or delayed voltage escalation may be associated with less 
renal damage compared to an immediate ramping up of the energy, so long as the time 
difference between lower amplitude and higher amplitude shockwaves is approxi- 
mately 3-4 min [4]. It is controversial whether or not voltage escalation improves 
stone free rates (SFR), as some studies report it does while others report no effect. 

Shockwaves are reflected by air or air-bubbles within the coupling medium. In 
fact, a 20-40 % decrease in stone breakage has been seen when as little as 2 % of the 
coupling interface is covered with air pockets [5, 6]. Thus, another simple strategy 
to improve SWL success is by optimizing the coupling between the patient and 
lithotripter. Choosing a coupling medium such as oil or gel is favored. The coupling 
medium should be applied generously and directly to the patient’s skin or shock- 
wave head as a large dollop and allowed to disperse via contact between the skin and 
treatment head. If instead, the coupling medium is rubbed onto the skin or shock- 
wave treatment head, additional air pockets are introduced along the coupling sur- 
face resulting in less effective shockwave transmission. 

Another important factor affecting SWL success is ensuring the F2 focal point 
remains over the stone as much as possible during lithotripsy. The kidneys and to a 
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lesser extent the proximal ureter are subject to spatial variation with respiratory 
excursions. Some data suggest up to 40 96 of shocks during a given treatment ses- 
sion may actually miss the stone because of stone movement with respirations [7, 
8]. One way to minimize this is with general anesthesia, thereby allowing for the use 
of a lower tidal volume and less respiratory-induced stone movement. Furthermore, 
general anesthesia reduces overall patient movement. This is advantageous as 
increased patient movement interferes with optimal coupling by introducing air 
pockets between the patient and lithotripter treatment head. 

As a general rule, ureteral stenting is not advised prior to SWL of ureteral stones 
in the absence of another indication for placing a ureteral stent. Similarly, stone 
manipulation or pushback into the renal pelvis does not improve SFR and should be 
discouraged [9]. In the past, the placement of ureteral stents or relocating a ureteral 
stone into the renal pelvis was thought to improve stone fragmentation by increas- 
ing the aqueous micro-environment around the stone allowing for better shock- 
wave transmittance. In addition, ureteral stenting was thought to improve stone 
passage rates and minimize post-SWL complications such as steinstrasse. 

However, mounting prospective randomized evidence suggests stents are associ- 
ated with increased suprapubic pain, dysuria, hematuria and lower urinary tract 
symptoms, yet have no appreciable influence on SFR and may actually worsen it 
[10]. As such the AUA/EAU guidelines now recommend against ureteral stent 
placement during SWL [1]. One caveat, of course, is that ureteral stents should be 
used in patients with solitary kidneys. 

Fluoroscopy and ultrasound are the two modalities presently used to visualize 
stones during SWL. Unfortunately, ultrasound is rarely helpful in localizing ureteral 
stones. Fluoroscopy can be problematic if stones are radiolucent (1.e. predominately 
uric acid stones), the patient is morbidly obese, or if the stone is projected over a 
bony prominence such as the pelvic bones or vertebral transverse processes. In these 
cases where stones are poorly visualized for whatever reason, an intravenous pyelo- 
gram (IVP) or retrograde pyelogram (RGP) can be used to better target the stone. 

Similar to air, skeletal bones impede shockwave transmission. This becomes par- 
ticularly important for mid and distal ureteral stones as the bony pelvis can attenuate 
shockwave delivery in these locations. Analogously, the transverse processes may 
interfere with shockwave delivery to proximal ureteral stones. Repositioning patients 
in the prone position can improve SWL effectiveness for mid and distal ureteral 
stones. Another option is to modestly angle (20—30?) patients into a rotated-supine 
(for proximal ureteral stones) or rotated-prone (for mid and distal ureteral stones) 
position which may further minimize shock-wave attenuation from surrounding 
bony structures [11]. 

A number of studies have demonstrated the beneficial effects of alpha-blockers 
given to patients immediately following ureteral stone treatment with SWL. Alpha- 
blockers can increase SFRs, accelerate stone passage after SWL fragmentation, and 
reduce postoperative analgesic requirements [1, 12, 13]. Most alpha-blockers have 
a good safety profile and should be used unless contraindicated. 

The value of an experienced shockwave lithotripsy technologist should not be 
underestimated, as many mobile shockwave units are now utilized. A good tech- 
nologist can assist with proper patient positioning on a given machine, can facilitate 
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stone localization at the F2 focal zone, can help reduce radiation exposure, and can 
simplify device troubleshooting when problems arise. 


Stone Characteristics 
Stone Composition 


Not all stones are equally susceptible to fragmentation by SWL and the expected size of 
the fragments generated also differs depending on stone composition. In general, cys- 
tine, calcium hydrogen phosphate and calcium oxalate monohydrate stones are more 
resistant to adequate fragmentation with SWL than other stone types [14]. Interestingly, 
calcium oxalate monohydrate and cystine stones frequently produce larger fragments 
that are less likely to spontaneously pass and may increase the risk for subsequent 
obstruction and steinstrasse. Stone attenuation as measured by Hounsfield units (HU) 
also impacts on SWL success. Higher HU are associated with worse fragmentation and 
more SWL treatment failures, and HU >900-1,000 appear to be a common cutoff 
between good and poor fragmentation in many studies [15]. Taken together, SWL should 
be approached with caution in patients with a history of cystine, calcium hydrogen phos- 
phate and calcium oxalate monohydrate stones, and in stones with HU >900-1,000. 


Stone Location 


The location of a stone also has a role in the treatment efficacy of SWL. Proximal 
ureteral stones tend to be easier to target than mid and distal ureteral stones, and for 
this reason SWL is often preferentially employed for proximal ureteral stones and 
provides good SFRs of approximately 80 96. Stones in the mid ureter are more chal- 
lenging to visualize given the sacrum which can confound fluoroscopic or ultrasonic 
targeting, while distal ureteral stones can be difficult to localize when pelvic phlebo- 
liths are in close proximity. The pelvic bones can also impede shockwave transmis- 
sion. Placing patients prone, or into a rotated-prone position reduces bony pelvis 
interference with shockwave delivery. This can be combined with an IVP or RPG if 
necessary to enhance stone targeting. With these strategies, SFRs of approximately 
75 % have been reported for mid ureteral stones, and SFRs as high as 90 % have 
been reported for distal ureteral stones treated with SWL [16, 17]. 


Stone Size 


Stone fragmentation and SWL success decrease as stone size increases. At any 
given ureteral location, SFRs are higher for stones «1 cm compared to stones >1 cm 
[1]. Moreover, many reports suggest stones greater than 10 mm are associated with 
significantly lower SFRs and require more treatment sessions than ureteroscopy, 
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and this is true for both distal and proximal ureteral stones [1]. As such SWL appears 
best suited to tackle ureteral stone burdens less than approximately 1 cm. 


Patient Features 


Skin to stone distance has been shown to impact SWL success with decreasing SFR 
achieved as skin-to-stone distance increases. This may be the result of a combina- 
tion of factors including shockwave attenuation as it passes through more tissue to 
reach the stone and poorer imaging quality and stone targeting as Xrays are simi- 
larly degraded as they pass through the additional tissue. Many studies have found 
stark reductions in stone clearance when skin-to-stone distance was great than 
9-10 cm [15]. 

When employing SWL in morbidly obese individuals, various strategies can 
improve SFRs including use of abdominal compression or utilizing an extended 
shockwave blast pathway [18]. Abdominal compression mechanically reduces the 
skin-to-stone distance. An extended shockwave blast pathway creates high shock 
wave pressures at a focus past F2, delivering more energy to stones outside of the 
F2 zone. When employing these techniques, realize higher total energy delivery is 
often necessary and SWL machines that generate the largest peak pressures with the 
longest focal length work best. 

Successful SWL also depends on proper patient positioning. This can be a chal- 
lenge in patients with skeletal deformities, significant contractures and certain mal- 
rotated and ectopic kidneys. Careful review of preoperative cross-sectional imaging 
is very helpful in these situations and can help determine if a reasonable shockwave 
blast path exists from skin to stone without intervening air or bone. 


Ureteroscopy 


Ureteroscopy has undergone significant advances over the past several years. Rigid 
ureteroscopes are rarely used and have been replaced with semirigid and flexible 
ureteroscopes. Ureteroscopes have evolved to include smaller overall calibers, 
larger working channels, active and dual deflection in flexible ureteroscopes, and 
improved optics. Along with similar improvements in ancillary equipment for ure- 
teroscopy (wires, laser fibers, baskets, etc.), the role for ureteroscopy in the treat- 
ment of ureteral and renal pathology has expanded and despite considerably 
increased utilization, complication rates during ureteroscopy have sharply decreased. 
The purpose of this section is to highlight some of the tips and tricks associated with 
ureteroscopy for the treatment of ureteral stones. 
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General Recommendations 
Ureteral Access 


Safely and properly accessing the ureter for ureteroscopy is critical to optimizing 
ureteroscopy outcomes and reducing attendant risks. With the miniaturization of 
flexible and semirigid ureteroscopes, often with tip diameters as small as 6—8Fr, 
many ureters and ureteral stones can be adequately accessed and treated without 
dilation of the ureteral orifice or ureter. Nonetheless, in certain cases there is still a 
role for actively dilating the ureteral orifice or a ureteral stricture, if encountered. 

A distinction should be made between a ureteral stricture and a ureteral spasm or 
physiologically narrow ureter. A ureteral stricture is often associated with proximal 
hydroureteronephrosis and urothelium around the strictured site will appear white 
and more pale than surrounding healthy urothelium. In contrast, a physiologically 
narrow ureter or ureteral spams, should not have proximal hydroureteronephrosis 
and there should be no apparent changes in the involved urothelium. 

As stones can often migrate between the time of presentation and the time of 
surgery, it is prudent to assess for stone migration prior to ureteral dilation. 
Performing a gentle retrograde pyelogram accomplishes this goal and provides 
additional useful anatomic information. Another option is to perform semirigid 
ureteroscopy prior to ureteral dilation and prior to placement of a ureteral access 
sheath. This should help avoid inappropriate ureteral dilation at the site of the 
stone which can cause injury to the ureteral wall or stone perforation through the 
ureteral wall. 

Ureteral dilation should be done over a guidewire. Numerous dilators exist, with 
the goal of each to dilater the ureter as minimally and with the least amount of 
applied force as possible to accomplish the task. Balloon dilators come in a variety 
of sizes with 15-18Fr diameter appropriate for most ureters. Ensure the balloon is 
filled with radiopaque fluid during inflation so it may be visualized fluoroscopically 
during inflation (Fig. 12.1). If dilation of more than just the ureteral orifice is 
considered, dilating in a proximal-to-distal direction is safest. Dilating pressures up 
to 12-14 atmospheres are generally safe, and higher pressures should be done with 
care. Proximal ureteral balloon dilation should be done cautiously as the proximal 
ureter is most susceptible to perforation and avulsion injury. 

Dilation may also be carried out with small caliber (10—14Fr) ureteral dilators, 
with a 10Fr dual lumen catheter (which are often 6Fr at the tip), with 8/10Fr coaxial 
dilators and with the 10Fr tip of the Amplatz Renal fasical dilator set. The internal 
obturator of a ureteral access sheath can also serve as a ureteral dilator if initial 
attempts at placement of the combined ureteral access sheath-internal dilator meet 
resistance. Ureteral dilation is often best accomplished over a stiffer wire (i.e. 
Amplatz Superstiff wire) as it helps prevent buckling of the access sheath. Copious 
lubrication should be used with any dilator to facilitate ureteral passage, and caution 
must be used upon passage of any ureteral dilator as aggressive advancement may 
result in ureteral injury. 
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Fig. 12.1 Fluoroscopic 
image of balloon dilation of 
distal right ureter 


In addition, performing semirigid ureteroscopy prior to any planned flexible 
ureteroscopy can also serve to dilate the ureter and ease passage of subsequent 
instruments. Despite these tactics, if the ureter remains too narrow or does not 
easily accommodate the ureteroscope or ureteral access sheath, then placement of 
an indwelling ureteral stent for at least 1 week can allow for passive ureteral dila- 
tion. Thereafter, subsequent attempts to access the ureter are frequently 
successful. 

Furthermore, not all ureteroscopes are the same. Size of the flexible ureteroscope 
is an important parameter with regard to access. While digital flexible ureteroscopes 
have recently seen increased utilization due to clear improvements in visualization, 
they are often greater in diameter than analog ones. Despite a difference of less than 
2Fr in diameter, this difference was found to be enough to require a significantly 
greater proportion of ureteral access sheath utilization [19]. 

In cases of tortuous ureters, the combination of an angled wire and angled ure- 
teral catheter can negotiate almost any series of ureteral twists and turns. The use of 
different caliber wires (0.038", 0.025", and 0.018") can be helpful as well. In addi- 
tion, if initial attempts to advance a non-hydrophylic wire (Bentson wire) are met 
with resistance, then changing to a hydrophilic wire (i.e., Glidewire or Sensor wire) 
can ease wire placement. Once the wire has been successfully placed into the renal 
pelvis, exchanging it for a stiffer wire (i.e. Amplatz Superstiff) through a ureteral 
catheter will better straighten out the ureter and simplify subsequent ureteroscopy 
attempts. 
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Ectopic ureteral orifice location, such as with cross-trigonal ureteral reimplants 
and renal transplant ureters, can pose a distinct challenge to adequately access for 
successful ureteroscopy. Gentle balloon dilation with subsequent placement of a 
stiff guidewire can be helpful and has been reported with success [20]. 


Poor Visualization 


Several parameters may be adjusted to optimize visualization during ureteroscopy. 
The first of which is proper focus ahead of placement of the ureteroscope into the 
ureter. In non-digital systems, there are two items to focus; the scope itself and the 
camera, whereas in digital scopes the digital chip is located within the scope and 
hence focus is singular. 

Another factor critical to good visualization during ureteroscopy is adequate 
flow of irrigant. The small working channels of most ureteroscopes and the long 
distance over which irrigation travels from source to ureteroscope creates signifi- 
cant resistance to flow necessitating some form or pressurized irrigation. A variety 
of instruments are available to assist with this task. 

Pressure bags applied to the irrigation source are one option and are reusable, 
and hence cost-effective. Pressure can be modified by opening or closing the inflow 
valve near the ureteroscope. Hand pumps controlled either by the surgeon or by an 
assistant (i.e., Single-Action-Pump or Pathfinder) are alternatives. These systems 
are single-use and pressurize only a small volume of irrigant but do so at surgeon 
desired intervals and allow for temporary generation of higher pressures than those 
created with pressure bags. Foot-pedal activated pumps can also be utilized, but can 
be cumbersome if also using a lithotripter foot pedal. With any of these systems, 
care must be taken to avoid retropulsion of the stone. 

Ensure there is no kinking along the irrigation tubing and eliminate air bubble 
introduction within the line to avoid air locks. If visualization is poor with an instru- 
ment through the working channel, consider using a smaller diameter instrument. In 
most instances in which a laser fiber is indicated a smaller size fiber between 200 and 
365 um will be sufficient. Similarly, many of the new stone baskets are of smaller cali- 
ber (1.5-1.9Fr) and provide adequate basket size, grasping strength and durability. 

Sometimes during ureteroscopy a significant degree of light glare and artifact is 
present and can obscure the view. This can be noticed in particular with some of the 
contemporary digital and high definition optical systems. Decreasing the light 
source intensity or brightness helps minimize glare by decreasing the light reflectiv- 
ity from the urothelium. 


Patient Positioning 
The ureter does not follow a straight course from kidney to bladder, and a couple of 


positioning strategies can facilitate ureteroscopy. The lithotomy position is pre- 
ferred for routine ureteroscopy as the surgeon has ease access to the urethra and can 
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ergonomically pass instruments along the same axis as the general course of the 
ureter. Reducing the degree of hip flexion and slightly abducting the hip ipsilateral 
to the side of the ureteral stone can straighten the course of the ureter as it travels 
across the psoas muscle and ease ureteroscope passage in this area [21]. 

Always be cognizant of frozen lower extremity joints, as it may not be possible 
to safely position the patient in such a way as to easily accommodate rigid or semi- 
rigid instruments. In these cases, flexible cystoscopes and ureteroscopes are neces- 
sary. In addition, flexible instruments may be necessary in patients with considerable 
pelvic scar tissue, such as those with a history of prior pelvic surgery, pelvic radia- 
tion, and pelvic malignancies. 


Stone Basketing 


One of the most common causes for iatrogenic ureteral injury during stone surgery 
occurs at the time of stone basketing, and usually results when attempting to extract 
a stone or fragment that is too large. Myriad baskets exist for stone retrieval, and as 
a general rule tipless baskets should be used, rather than baskets with tips, as they 
are less likely to directly perforate the ureter. When extracting a stone or fragment 
it is important to keep the basketed stone close to the tip of the ureteroscope and in 
direct vision throughout. If too large a gap exists between the basketed stone and 
ureteroscope tip, the ureteral wall can catch in this space and become injured or 
intussuscepted during stone removal. 

Minimal resistance should be encountered during stone basket extraction, and 
the basket should never be forced or yanked. When an area of resistance is encoun- 
tered, adjusting the stone's orientation within the ureter or basket should be 
attempted. This is accomplished by opening the basket approximately half way and 
gently manipulating the basket proximally and distally, side-to-side, or rotationally. 
This allows the long axis of the stone to naturally realign with the long axis of the 
ureter. Thereafter, the basket can again be fully closed to secured the stone in the 
most favorable orientation and reattempt basket extraction. 

Occasionally it becomes difficult or impossible to disengage a basket from a 
large stone fragment or fragments. In these instances, a few tactics can be tried. If 
there is room to pass a small laser fiber (i.e. 200 um) alongside the basket, a small 
amount of energy applied directly to the stone is often sufficient to fragment the 
stone further and allow for basket disengagement. Alternatively, the laser can be 
used to cut one of the prongs of the basket, but one must ensure no basket pieces 
are left behind as these can serve as a nidus for further stone nucleation and 
growth. 

Another option is to disassemble the basket at its handle, as some baskets have a 
screw mechanism that will free the handle from the rest of the basket. As a next step, 
withdraw the ureteroscope leaving the stone and basket in place within the ureter. 
Then reintroduce the ureteroscope alongside the basket and fragment the stone with 
laser. The basket can then be removed and a new one reinserted through the working 
channel of the ureteroscope. 
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Impacted Ureteral Stones 


Impacted ureteral stone often present a challenge. They can be associated with an 
intense inflammatory reaction and ureteral edema around the impaction site which 
can obscure vision and interfere with safely positioning the laser or other lithotripsy 
fiber onto the stone. Once a guidewire has been safely advanced past the stone to the 
pelvicalyceal system, gentle attempts to maneuver the stone proximally into the 
often more dilated and non-inflammed ureter can be attempted. This provides addi- 
tional space for irrigation and safe stone lithotripsy. Again, this should be done 
carefully and with only minimal force. 

If you cannot pass the stone with a wire, options must be carefully assessed. In 
experience hands, an attempt to perform ureteroscopy to the stone and laser it with- 
out a safety wire in placed can be considered. With this approach, judicious laser 
use is recommended until the stone disimpacts, after which reattempts at wire place- 
ment should ensue. However, ureteroscopy and laser lithotripsy in the absence of a 
safety wire can be associated with significant complications, and have a nephros- 
tomy tube or antegrade ureteral stent placed are reasonable alternatives. 

If this stone does not easily move proximally, then judicious lithotripsy of the 
distal most aspect of the impacted stone is recommended. Dusting the distal edge of 
impacted ureteral calculi should minimizing the creation of large fragments and can 
be accomplished by using high frequency and low energy settings of the laser gen- 
erator. Sometimes rotating the ureteroscope clockwise or counterclockwise along 
its long axis will change the position at which the lithotripter fiber contacts the stone 
and can be particularly helpful if a portion of the stone is covered by edematous 
urothelium. Then once the stone becomes disimpacted, it can be manipulated proxi- 
mally to the more open and dilated ureter. 


Preventing Proximal Stone Migration 


The use of anti-retropulsion devices within the ureter can help reduce the proximal 
migration of stones and improve stone free rates. The Stone Cone (Boston Scientific, 
Natick, MA) and the NTrap (Cook Medical, Bloomington, IN) are two such devices, 
however each is attached to its own additional guidewire, which narrows the work- 
ing space within the ureter, and comes with an additional disposable instrument cost. 

To avoid the need for an additional wire, thermoactive liquid gels have been uti- 
lized and are deposited just proximal to the ureteral stone thereby creating a tempo- 
rary barrier to proximal stone migration (BackStop liquid gel, Boston Scientific, 
Natick, MA). Surgical lubrication has also been described as a suitable and cheap 
agent for preventing proximal migration of fragments [22]. 


When the Laser Fails 


It is reasonable to have a backup plan should the laser fail. If no substitute laser is 
available, consider pneumatic lithotripsy as an alternative (1.e. EMS Swiss Lithoclast 
or Olympus LUS 2). Though laser has a better safety profile, intraureteral 
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pneumatic lithotripsy has been well documented as a viable technique with accept- 
ably low complication rates [23]. Given the rigidity of the pneumatic probes, this is 
only feasible with a semirigid ureteroscope with a straight-entry working channel 
and offset lens. Keep in mind, ureteral stent insertion and returning for completion 
ureteroscopy at a later date is sometimes the most prudent option. 


Medical Expulsive Therapy 


Alpha blockers have been shown to increase SFR after ureteroscopy for ureteral 
stones [24]. In addition, alpha blockers help alleviate ureteral stent symptoms, pain, 
sexual life symptoms and overall quality of life following ureteroscopy [25]. As 
such if there are no contraindications, alpha blockers are reasonable to prescribe 
following ureteroscopy. 


Semirigid Ureteroscopy 


Semirigid ureteroscopy is the preferred treatment modality for most distal ureteral 
stones. In some patients, semirigid ureteroscopes can be safely advanced into the 
proximal ureter and renal pelvis. Compared to flexible ureteroscopes, semirigid ure- 
teroscopes are more steady and maneuverable within the distal ureter and generally 
offers better optical quality than most flexible ureteroscopes. Furthermore, semi- 
rigid ureteroscopes usually have larger working channels allowing for improved 
irrigation even when using larger instruments and multiple instruments. 

When performing semirigid ureteroscopy, the intial step is to place a safety wire. 
The safety wire allows for ureteral stenting should any difficulty arise during ure- 
teroscopy. The safety wire also assists with ureteral access. Floppy tip, hydrophilic 
wires are recommended as the initial wire most likely to advance easily and least 
likely to perforate the ureter when navigating around a ureteral stone. Once posi- 
tioned in the renal pelvis, these wires can be exchanged to a stiffer wire (i.e. Amplatz 
SuperStiff) through a small ureteral catheter (as previously discussed, a stiffer wire 
can better straighten the ureter). 

Once the safety wire is placed, access into the ureter can be achieved through a 
number of different techniques. Passing the ureteroscope directly under the wire 
toward the ureteral orifice helps further tent the orifice open allowing the scope to 
pass under the wire and into the ureter (Fig. 12.2). Very small controlled movements 
should be used with the ureteroscope as readjusting even a few millimeters can be 
the difference between entering and missing the ureter. 

If the ureteral orifice cannot be entered by passing the ureteroscope underneath 
the wire, try riding on top of the wire and using the scope to push down on the wire 
just as it enters the ureter. This can allow entry into the ureter when advancing 
below the wire fails. 

If these techniques are unsuccessful, using a two-wire, or "railroad," technique 
should be tried next (Fig. 12.3). Once the safety wire is in place, pass a separate wire 
through the working channel of the ureteroscope and intubate the ureteral orifice 
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Fig. 12.2 Passing semirigid 
ureteroscope directly 
underneath guidewire that is 
tenting open ureter 


Fig. 12.3 "Railroad" 
technique for accessing the 
ureter, using one guide wire 
to tent open the ureter and a 
second guide wire passed 
through the working channel 
of the ureteroscope 


with the new wire. Next rotate the semirigid ureteroscope such that the beak of the 
scope is aligned between the two wires and advance the scope through the ureteral 
orifice in this manner. À stone basket, rather than a second guidewire, may be used 
to perform the railroad technique, but care should be taken as the stone baskets are 
more likely to kink and have a greater tendency to perforate the urothelium. 
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Once in the ureter, the wire through the working channel of the ureteroscope can 
be used in a similar fashion to negotiate past any additional narrow areas. 
Alternatively, partially opening a stone basket just in front of the tip of the uretero- 
scope often straightens this segment of ureter and allows for segmental advance- 
ment of ureteroscope. Another option is to softly manipulate the safety wire in or 
out by approximately 1 cm. This can further straighten out areas of ureteral kinking 
and reduce areas of ureteral redundancy. Contemporary semirigid ureteroscopes 
have a beveled beak and this feature can be exploited by rotating the handle of the 
ureteroscope clockwise or counterclockwise. In this manner, the beak of the ure- 
teroscope can be aligned better to the contour of the ureter improving the ability to 
safely navigate some of the narrower portions of the ureter such as the pelvic brim. 

Ensuring the bladder is mostly empty simplifies distal ureteroscopy by eliminating 
the posterolateral angulation of the ureter that occurs with a distended bladder. Some 
advocate for placing a small 10-14Fr urethral catheter alongside the semirigid ure- 
teroscope when performing ureteroscopy to ensure continuous bladder emptying. 

Semirigid ureteroscopy can be difficult in men with large prostates and associ- 
ated J-hooking of the distal ureter. Balloon dilation of the distal ureter and place- 
ment of a stiff safety wire can help straighten the ureter. In some instances using a 
peel-away ureteral access sheath can facilitate re-entry into the distal ureter if mul- 
tiple passes are anticipated. Note that most fixed-length ureteral access sheaths are 
too long to use for this technique. Also, after ureteral stone lithotripsy, good inspec- 
tion of the distal most aspect of the ureter just before the intramural ureter is impor- 
tant as stone fragments will often collect here and have a difficult time passing 
spontaneously given the J-hooking of the ureter. 


Flexible Ureteroscopy 


Considerable technological advances in flexible ureteroscopy, and increased expo- 
sure to cases during urological residency, have contributed to its increasing utiliza- 
tion. Flexible ureteroscopy has utility in the surveillance and treatment of ureteral 
stricture disease, upper tract urothelial tumors, and urolithiasis. Indeed, even stag- 
horn calculi can be treated with flexible ureteroscopy and laser lithotripsy. While 
such indications are beyond the scope of this chapter, they highlight the expanding 
role of ureteroscopy within the field of urology. The use of flexible ureteroscopy for 
the treatment of ureteral stones has been previously described in this text and as 
such some advice may be mentioned in both chapters. 


Indication 


Flexible ureteroscopy for ureteral stones is typically limited to cases not amenable 
to safe approach with the semi-rigid URS. One indication for flexible ureteroscopy 
is the proximal ureter (identified as the region of the ureter above the iliac vessels). 
The utilization of a flexible ureteroscope for such stones is often required for safe 
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access. Ureteral angulation above the vessels may preclude the safe usage of a semi- 
rigid ureteroscope. Further, flexible ureteroscopy may be beneficial in cases of distal 
ureteral stone in patients with large prostates which might limit the use of a semi- 
rigid ureterosocpe. Similarly in patients with a history of cross-trigonal ureteral ure- 
teroneocystostomy, flexible ureteroscopy may overcome angulation associated with 
such distal ureters via an orthotopic or percutaneous transvesical approach [20]. 


Access 


The use of the flexible ureteroscope within the ureter is dependent upon appropriate 
and safe insertion. We favor clearance of the distal ureter, either radiographically or 
visually with antecedent passage of a semi-rigid ureteroscope prior to advancement 
of a flexible ureteroscope up the ureter. This will allow the surgeon to assess not 
only the caliber of the ureter, hence permitting a judgement as to whether or not it 
will accommodate the flexible ureteroscope, but also ensure a clear distal ureter free 
of stone fragments or ureteral strictures which may complicate flexible ureteros- 
copy. This is particularly important as visualization of the ureterovseical junction 
(UVJ) with the flexible ureteroscope may be limited in light of the two methods for 
its introduction into the ureter. 

The scope is advanced in one of two ways up the ureter. The first is the two wire 
technique, whereby both a safety and working wire are advanced up the ureter under 
fluoroscopic guidance. With the safety wire secured to the drapes, the flexible uretero- 
scope is advanced over the working wire to the point of the ureteral stone. Note the 
working wire in these cases must have a floppy or soft distal tip to avoid scope damage 
when advancing over the wire. Care must be taken to keep back tension on the wire 
and to advance the scope under fluoroscopic guidance as buckling of the scope may 
occur and excess scope and wire may be advanced into a loop within the bladder. 

By virtue of the fact that the working channel is on the posterior aspect of the 
scope (eccentric-parallel axis) and the wire may be tented up on the anterior aspect 
of the U VJ, the flexible ureteroscope may buckle at this interface. An easy way to 
correct for this is to rotate the flexible ureteroscope 180? such that the lower profile 
portion of the scope is anterior (where the wire is tented up); this allows for the 
tented ureteral orifice to accommodate the major axis of the scope, posteriorly. 

The other method for access into the ureter with the flexible ureteroscope is to 
utilize a ureteral access sheath. While there are many different types of ureteral 
access sheaths (coaxial obturator and sheath vs balloon dilated sheath) and variation 
in diameter and length, once placed they allow for facile passage of the flexible 
ureteroscope through its lumen into the ureter, bypassing the urethra, intravesical 
portion, UVJ, and the distal ureter. Ureteral access sheath use has been associated 
with shorter operative times, less ureteroscope damage, less intrarenal pressure and 
improved visualization. Despite some concern initially with ureteral access sheaths 
potentially predisposing to ureteral strictures, the available evidence refutes this 
concern. Details regarding coaxial and balloon dilating ureteral access sheaths are 
outlined in other sections of this text. 
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In the setting of a ureteral stricture (proximal to the UVJ), advancement of a flex- 
ible ureteroscope may be difficult due to lack of rigidity and control at the tip of the 
scope. The utilization of a working wire passed through the scope and advanced 
beyond the stricture, may allow for tenting of the stricture and provide rigidity at the 
tip of the flexible scope to prevent buckling and allow for passage. Further, a stiffer 
wire may provide increased tensile force to resist such buckling. In general, keeping 
the extracorporeal portion of the ureteroscope as straight as possible facilitates 
intracorporeal ureteroscope advancement and deflection capabilities, and should be 
kept in mind when having trouble advancing the ureteroscope. 


Laser, Basket, or Both? 


Once a stone is visualized decision must be made for either basket-extraction or 
fragmentation. We favor basket extraction for stones whenever possible, as it will 
decrease the stone burden and provide a specimen for biochemical analysis. The 
critical question, however, is to what size stones can be safely extracted. Surgeon 
judgment is important, but may be unreliable. Bin et al. demonstrated that along 
with stone size, a previously stented ureteral system were the only significant fac- 
tors predictive of mitigating the need for ureteral dilation ahead of stone basket 
extraction [26]. Further, in a review of nearly 850 patients, stone diameter of 8 mm 
or greater was associated with unfavorable outcomes [27]. Hence, we consider bas- 
ket extraction only up to this size and in the presence of useful dilation. Otherwise, 
we attempt fragmentation of larger stones into a few stones, each smaller than 8 mm 
to facilitate extraction. However, surgeon estimation of stone size utilizing endo- 
scopic visualization may be limited [28]. 

Laser fragmentation is a mainstay for the treatment of ureteral and renal stones 
utilizing the flexible ureteroscope. We favor the utilization of a 200 um diameter 
laser fiber through the flexible ureteroscope it will impede flow less than a 365 um 
fiber (flow is proportional to diameter to the fourth power per Poiseuille's Law). 
While not pertinent to the treatment of a ureteral stone, the 200 um fiber will also 
hinder flexion within the scope the least, allowing for usage of the same fiber for a 
renal stone or in case of retropulsion. 

Laser fibers may be utilized to fragment or to “dust” the stone. Fragmentation is 
typically performed with high energy and low frequency whereas dusting is utiliz- 
ing low energy and high frequency. The main determinant, in our estimate, for 
which setting ought to be utilized is the density of the stone. We favor dusting softer 
stones and fragmenting (with subsequent basket extraction) of harder stones [29]. 

With repeated stone basket extraction, it cannot be stressed enough that the risk 
of ureteral injury and its sequelae (stricture, need for additional surgical procedures, 
renal loss) are serious, albeit rare, complications. In any cases where a question 
exists, fragmentation rather than intact stone extraction is safer. 

Stone baskets come in various types and sizes. Whereas some larger helical bas- 
kets may be utilized with a semirigid ureteroscope, their large lumens and stiff core 
prevent reasonable use within flexible ureteroscopes. We favor the use of a tipless 
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nitinol basket or grasper. Commonly, a 3-Fr basket is available and is often utilized 
but may impede flow, particularly if the flexible ureteroscope is deflected. Even with 
the use of a 1.9Fr basket, flow within most flexible ureteroscopes decreases signifi- 
cantly. Utilization of a ureteral access sheath is preferred when basket extraction is 
intended as it allows facile access to the proximal ureter without the need for wire 
replacement and guidance for scope reinsertion. Should a stone be too large for the 
sheath, but not too large for the ureter, both stone and sheath may be extracted in 
unison; with subsequent replacement of the ureteral access sheath if needed. 


Percutaneous Antegrade Nephrolithotomy and Ureteroscopy 


Antegrade flexible ureteroscopy may be performed during a percutaneous nephroli- 
thotomy (PCNL) when the patient has ureteral stones, either present on pre-op imag- 
ing or if there is concern for stone migration down the ureter during the PCNL. It 
may also be performed in such cases when retrograde ureteroscopy is not facile or 
feasible; such as in a patient with a urinary diversion or complex distal ureteral anat- 
omy. It may be beneficial to consider antgrade antegrade flexible ureteroscopy for 
cases of large impacted stone in the distal ureter. To this end, we recommend access 
via a posterior calyx that allows for the minimal flexion at the UPJ. When anticipat- 
ing multiple passes into the ureter, then consider placing a ureteral access in an ante- 
grade fashion to facilitate ureteroscope re-entry into the ureter and to help protect the 
UPJ. Also, if limited work is anticipated within the kidney, then tract dilation may be 
to a lesser extent than with PCNL and allows for smaller access sheath use. 

We find that the surgeon may retain significant control of the flexible scope if 
there is no additional deflection located high in the scope; let alone with two pos- 
sible deflections and instruments placed within the working channel. Further, flex- 
ible ureteroscopey may be performed with a flexible cystoscope as often the 
obstructed ureter is dilated and can accommodate a 16Fr scope; this allows for 
greater visualization and workability with often difficult stones. Additionally, when 
fragmented, such impacted distal stones may not require retrieval but rather may be 
pushed beyond the ureteral orfice for clearance. Ultimately, an antegrade pyeolo- 
ureterogram, in addition to direct visualization, is recommended to ensure there is 
no evidence of obstruction or extravasation at the end of every antegrade flexible 
ureteroscopy. 


Conclusion 


A variety of treatment options exist for ureteral stones, with ureteroscopy and shock- 
wave lithotripsy utilized most frequently when this technology is available. 
Percutaneous nephrolithotomy and antegrade ureteroscopy are reserved for cases 
when SWL or ureteroscopy have failed or when dictated by anatomic considerations. 
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Just as no ureteral stone patient is exactly the same, no treatment session, no matter 
the modality, follows the exact same sequence of events from patient to patient. New 
and different challenges are encountered with each case necessitating on-the-job 
troubleshooting. The tips and tricks detailed in this chapter represent the collective 
experience gained over many years from a myriad of urologists. The hope is that 
these tips and tricks will be incorporated to improve the safety, outcomes and value 
of treatment delivered to patients with ureteral stones. 


Ureteral Stone Treatment Tips and Tricks: Summary Points 

* A shockwave rate between 60 and 90 shocks per minute improves 
fragmentation. 

* Routine ureteral stenting prior to shockwave lithotripsy is not indicated. 

° Intravenous pyelogram or retrograde pyelogram can help localize poorly 
radiopaque stones during shockwave lithotripsy. 

° Alpha-blockers improve stone free rates after shockwave lithotripsy and 
ureteroscopy. 

* Confirm ureteral stone location with a retrograde pyelogram or semirigid 
ureteroscopy prior to placement of a ureteral access sheath during 
ureteroscopy. 

* Always use a safety wire when performing ureteroscopy. 

* Use a ureteral access sheath when multiple passes across the ureter are 
anticipated. 

* Use smaller caliber instruments (baskets, lasers, etc.) through the flexible 
ureteroscope to preserve irrigation inflow and visualization as much as 
possible. 

° [fa stone basket cannot be disengaged from a basketed ureteral stone, dis- 
assemble the basket at the handle to allow removal of the ureteroscope. 

* Balloon dilation of the distal ureter does not appear to increase ureteral 
stricture risk and can facilitate ureteral access for narrow ureteral orifices, 
reimplanted ureters and in men with large prostates. 

* Most ureteroscopy complications can be safely managed by placing an 
indwelling ureteral stent for anywhere from 2 to 6 weeks. 
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Chapter 13 
Difficult Case: The Impacted Ureteral Stone 


Sarah L. Coleman and Manoj Monga 


The definition of an impacted ureteral stone was first described as the inability to pass 
a guide wire or catheter on initial attempts [1]. This definition has been criticized as 
the transient lie of the stone may explain failure to pass a guide wire. More recently, 
Mugiya at al. defined an impacted ureteral stone as a calculus causing ureteral obstruc- 
tion and that remain in the same position for 2 months or greater [2]. A third definition 
cited in the literature is the failure to visualize contrast medium beyond the stone. AII 
three definitions are used extensively in the literature and each in and of itself describe 
a challenging scenario for urologists. In our practice, an impacted stone is defined as 
an intraoperative finding. We consider an impacted stone as a stone where a guidewire 
will not pass without ancillary measures, which will be described in this chapter, and/ 
or a stone that does not move when forceful irrigation is applied ureteroscopically. 
Ureteral stone impaction is known to cause a local inflammatory response in the 
ureteral wall. Histologic examination of the ureter at the site of impacted stone will 
reveal chronic inflammation, interstitial fibrosis and urothelial hypertrophy which places 
these patients at risk for the development of ureteral strictures and ureteral polyps [2, 3]. 
Roberts et al. defined an impacted stone as a stone that had not changed location for at 
least 2 months, and reported a 24 % incidence of ureteral stricture with a mean follow- 
up of 7 months [4]. The main risk factor for stricture formation was ureteral peforation 
at the time of attempted stone removal. Ureteral strictures then place the patient at 
greater risk for future impacted stones as a result of the narrowed lumen. Chronic impac- 
tion is thought to cause local ischemia leading to fibrosis and edema [1]. It is thus essen- 
tial that patients and physicians focus on preventing stone impaction to reduce the 
associated morbidity with treatment and long-term risk of ureteral stricture formation. 
Prevention of stone impaction requires treatment of stones prior to passage into the 
ureter or more ideally, prevention of stone formation in those identified to be at risk. 
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Stone size and stone location are major determining factors of the likelihood of 
spontaneous passage. The current AUA/EUA guidelines for ureteral calculi reported a 
spontaneous passage rate of 68 % (95 % CI: 48-85 96) for stones <5 mm and 47 96 
(95 96 CI: 36-59 %) for stones >5 mm and <10 mm [5]. Multiple studies have sup- 
ported the conclusion that the smaller the stone, the higher the likelihood of spontane- 
ous passage. Impaction occurs when a stone traverses the ureter and the diameter of the 
stone exceeds the diameter of the ureteral lumen. The sites for impaction have classi- 
cally been cited as the ureteropelvic junction, the crossing of the ureter over the iliac 
vessels and the ureterovesical junction. Recent literature suggests that the most com- 
mon sites of impaction are the lower third of the ureter (53 96) and the upper third of the 
ureter (34 %) with the UPJ (3 96) and the site of crossing of the iliac vessels (3 %) less 
common than originally thought [6]. Treatment options are dependent on the location 
of stone impaction. 

The best treatment modality for impacted ureteral stones is highly debated in the 
literature. Treatment options include extracorporeal shockwave lithotripsy (SWL), 
ureteroscopy (URS) and percutaneous approaches. Observation and medical expul- 
sive therapy are also options that can be presented to the patient but they must be 
counseled on the risks of renal function deterioration, infection and pain. 

Proximal impacted ureteral stones are amenable to all three treatment options. 
Distal impacted ureteral stones are best treated with retrograde ureteroscopy, though 
antegrade percutaneous ureteroscopy or laparoscopic ureterolithotomy may be con- 
sidered for impacted distal ureteral stones >10 mm in size. SWL is an established 
treatment option for ureteral calculi but its efficacy in treating impacted ureteral stone 
has been questioned. The primary concern with SWL related to impacted ureteral 
stones relates to the expansion space theory [7]. This theory describes the lack of natu- 
ral expansion space in the setting of an impacted stone. Additionally, stone impaction 
reduces the amount of water-stone interface essential to the effectiveness of SWL. 

Multiple studies have compared the efficacy of SWL and URS for ureteral stones 
based on stone size, but few studies have examined the relative efficacy for these two 
modalities for impacted ureteral stones. Khalil et al. published a recent series of 37 
patients treated with SWL and 45 patients treated with URS for impacted proximal 
ureteral stones and demonstrated statistically significant higher stone-free rates in 
URS group (80 %) compared to the SWL group (67.6 %) after one session [8]. The 
rate of ureteral perforation in this study was 6.7 %. Wu et al. published similar 
results in a series of patients with proximal ureteral stones. Stone impaction was not 
an inclusion criterion for this study but all patients had proximal ureteral stones 
>] cm that failed to pass spontaneously [9]. Mugiya et al. performed retrograde URS 
on 104 patients with impacted stones and showed that the target stone was treated in 
all 104 patients with adjuvant SWL used in three cases all of whom had stones 
>3 cm. They conclude that URS should be first-line therapy for impacted ureteral 
stones [10]. Although more studies are needed to directly compare SWL and URS 
in the setting of stone impaction, the data available suggests that URS is superior to 
SWL in terms of stone-free rate and requirement for a second procedure. 

SWL can be performed in an ambulatory setting without a general anesthetic and 
it is the least invasive, cheapest option. However, SWL has a lower success rate when 
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compared to URS and more often requires a subsequent procedure. SWL additionally 
relies on the patient to pass residual stones fragments with the associated morbidity 
of flank pain, hematuria and steinstrasse. URS requires a general anesthetic and is 
more costly, but the stone-free rate is higher with fewer sessions required. Stent- 
related morbidity (hematuria, flank pain, voiding dysfunction and stent migration) is 
associated with retrograde ureteroscopic treatment of impacted stones. Ureteral per- 
foration and stricture are complications unique to ureteroscopy but the risks are 
acceptably low. With the development of smaller caliber ureteroscopes and the intro- 
duction of the holmium: yttrium-aluminum-garnet (Ho: YAG) laser, ureteroscopy has 
become safer and more effective for the treatment of ureteral stones. 

Percutaneous approaches to impacted ureteral calculi provide a third surgical 
option for management. The percutaneous nephrolithotomy technique allows for 
antegrade ureteroscopic management of impacted ureteral calculi. One main advan- 
tage to the percutaneous approach is access to renal calculi during the same proce- 
dure. Additionally, percutaneous access through a hydronephrotic renal pelvis spares 
the normal ureter distal to the stone. Often the ureter distal to an impacted stone will 
be edematous or tight; increasing the risk of perforation with a retrograde approach. 
In addition, an antegrade approach may allow extraction of the calculus without intra- 
corporeal lithotripsy; decreasing the risk that stone fragments will become embedded 
in the edematous urothelium leading to stone granuloma and stricture. However, 
PCNL is associated with higher morbidity in the form of blood loss, pneumothorax, 
hemothorax, nephron damage, and damage to surrounding organs [11]. A recent ran- 
domized clinical trial of 174 patients with large (215 mm) impacted proximal ureteral 
stones reported that outcomes were superior with an antegrade approach if the stone 
was located above the upper border of the fourth lumbar vertebra [12] (Fig. 13.1). 


PCNL for large proximal 
ureteral stones: 
the upper border of L4 


Stone-free 
Rate % 
(1 months) 


Bi PCNL 
t3 URS 


Above L4 Below L4 


Fig. 13.1 Stone-free rates are superior with an antegrade percutaneous (PCNL) approach if the 
impacted proximal ureteral stone is above the level of L4 [12] 


188 S.L. Coleman and M. Monga 
Case Report 


A patient was referred after presenting with renal colic 3 months prior. She under- 
went ureteral stent placement followed by three sessions of extracorporeal shock- 
wave lithotripsy. Prone KUB on referral to our center demonstrated significant 
residual stone burden in the proximal ureter and middle and lower calyces (Fig. 13.2). 
A CT scan was obtained due to concerns that the stent appeared to be lateral to the lie 
of the ureteral stone on KUB, raising the suspicion for either a perforation or a intra- 
mural stone fragment. CT scan confirmed that the proximal coil was outside of the 
collecting system and in addition thinning of the ureteral wall (Figs. 13.3 and 13.4). 
Due to parenchymal thinning on CT scan, a renal scan was obtained which 


Fig. 13.2 KUB demonstrates 
significant residual stone 
burden in the proximal ureter 
and middle and lower calyces 
after stenting and three 
courses of SWL for an 
impacted ureteral stone. The 
stent appears to be too far 
lateral from the stone raising 
the suspicion for either a 
perforation or an intramural 
stone fragment 
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Fig. 13.3 CT scan confirmed that the proximal coil was outside of the collecting system 


Fig. 13.4 Thinning of the 
ureteral wall associated with 
stone impaction 


demonstrated 31 % split function on the affected side. A percutaneous antegrade 
approach was used to clear the impacted stone as well as the renal fragments, with 
removal of the misplaced ureteral stent (Fig. 13.5). 
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Fig. 13.5 A percutaneous 
antegrade approach was used 
to clear the impacted stone as 
well as the renal fragments, 
with removal of the 
misplaced ureteral stent 


Our Approach to Impacted Ureteral Stones 


Preoperative images are reviewed carefully. Duration of symptoms may be one fac- 
tor that raises the suspicion that a stone may be impacted. On non-contrast CT, on 
occasion the ureteral wall will appear “thinned,” raising concern for impaction, as 
will marked hydroureteronephrosis above the stone. If parenchymal thinning is 
noted, renal scintigraphy may be performed to quantify split renal function. 

For stones «10 mm, a retrograde ureteroscopic approach is employed. Initial 
attempt is made to place a Sensor wire (Boston Scientific, Natick MA) cystoscopi- 
cally past the point of obstruction. If the wire starts to buckle at the level of the 
stone, a 5-French open-ended catheter is advanced under fluoroscopic guidance to 
that point over the Sensor wire and the sensor wire is removed. A gentle retrograde 
pyelogram is performed to delineate the collecting system. A Glidewire (Terumo) is 
then advanced through the open-ended catheter and attempts to traverse the point of 
impaction are made. If the wire will not advance, it may be exchanged for an angled- 
glidewire. If this fails, 1—2 cc of lubricating jelly is gently instilled through the 
open-ended catheter and a final attempt at passage of the wire is made. 

If the glidewire advances beyond the stone, the open-ended catheter is advanced 
over the glidewire to the ureteropelvic junction and the wire is removed. Contrast is 
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instilled to confirm no perforation or submucosal false passage. The Sensor wire is 
then inserted for a more secure safety wire and the 5-Fr open-ended catheter is 
removed. 

If the glidewire does not advance beyond the stone, then a semi-rigid ureteroscope 
(6Fr Tip) is advanced under direct vision to the level of the stone. A wire may be 
advanced under direct vision through the scope if a luminal opening is noted beside the 
stone. If no lumenal opening is identified, the stone can be carefully fragmented with 
the holmium laser until a lumen is created at which point the safety wire is inserted. 

Once the wire is placed, the scope is removed and reinserted alongside the wire, 
with further fragmentation and clearance of the stone. In the face of an impacted stone, 
greater care is needed at all steps to avoid perforation. It is critical to clear all small 
fragments from the point of impaction before advancing the scope or a ureteral access 
sheath past this point — as failure to do so may lead to fragments embedding in the wall 
with subsequent stone granuloma and stricture. At times, the fragments may be too 
adherent to the inflamed mucosa, making extraction impossible (Fig. 13.6). If at any 
time during the retrograde ureteroscopic approach, the impacted stone cannot be 
clearly visualized or treated safely and there is no safety wire in place then a nephros- 
tomy tube should be placed. The stone can then be treated via a percutaneous antegrade 
approach in the future or if an antegrade stent can be placed, a retrograde approach can 
be re-attempted once the stent has been allowed to passively dilate the ureter. 

For stones >10 mm, we would recommend a percutaneous antegrade approach. 
A middle calyceal access will be optimal for access down the ureter with minimal 
morbidity, though an upper calyx may be selected if there are additional renal cal- 
culi to be addressed in the same setting. If the stone burden is limited to the ureter, 
a ureteral access sheath may be advanced down the ureter in lieu of tract dilation 
to 30Fr. As with a ureteroscopic approach, caution is necessary to avoid perfora- 
tion, and if a guidewire does not advance easily past the point of impaction, it is 


Fig. 13.6 Small fragments 
embedded in the edematous 
ureter at the completion of an 
antegrade ureteroscopy — risk 
factor for stricture formation 
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positioned above the stone and the sheath advanced to this point only. Laser frag- 
mentation of the stone is performed, with forceful irrigation advancing fragments 
down to the bladder, and active basket extraction removing residual fragments. 
Once the site of impaction is cleared, the ureteroscope is advanced down to the 
bladder to evaluate for residual fragments. 

After either a ureteroscopic or percutaneous approach for an impacted stone, a 7Fr 
Ureteral stent is left for 2 weeks. A tubeless approach is used for all antegrade proce- 
dures. Though we typically utilize selective imaging after endoscopic procedures, an 
impacted stone would be one of the important criteria where routine imaging is per- 
formed; in our series 27 96 of patients with an impacted stone developed a stricture 
on follow-up [13]. A diuretic renal scan is performed 4 weeks after stent removal, 
and if normal, is repeated at 3 months, 6 months and 1 year. If delayed drainage is 
noted on follow-up, a retrograde pyelogram is performed to delineate the site and 
length of stricture; and will typically be addressed by a reconstructive procedure, 
dictated by these intraoperative findings. 


Take Home Messages 

* We recommend an antegrade ureteroscopic approach for impacted ure- 
teral stones >10 mm and a retrograde ureteroscopic approach for impacted 
ureteral stones «10 mm. 

* There is a limited role for SWL for impacted ureteral stones. 

* Caution should be exercised during the treatment of impacted ureteral 
stones as they are at a high risk for perforation and can predispose to 
ureteral stricture. 

* Renal scan should be performed to evaluate renal function if significant 
thinning of renal parenchyma is noted on CT scan. 
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Chapter 14 
Difficult Case: Ureteral Stricture 
Distal to a Stone 


Necole M. Streeper and Stephen Y. Nakada 


Introduction 


Ureteral stricture is a late complication of ureteroscopy (URS) and can be challenging 
to treat stones when present concomitantly. Ureteral stones may fail to spontane- 
ously pass secondary to a distally located ureteral stricture. Retrograde access may 
be difficult or unable to be obtained depending on the degree of the stricture and 
presence of stone impaction. This chapter will focus on the treatment options for a 
ureteral stone with a distal ureteral stricture (Fig. 14.1). 


Pre-operative Considerations 


Patients with a history of difficult or impacted stones, multiple prior ureteroscopies, 
abdominal surgeries or radiation therapy are prone to ureteral stricture formation. A 
detailed history of prior stone events and surgical intervention should be obtained, 
including prior surgical complications. Pre-operative imaging with a non-contrast 
computed tomography (CT) scan may not suggest presence of a ureteral stricture in 
the setting of a ureteral stone. Urinary tract infections should be treated with antibi- 
otics prior to any surgical intervention. It is also important to discuss with the patient 
realistic expectations of the surgery with the possibility of multiple procedures 
when the presence of a ureteral stricture and/or impacted stone is suspected. 


N.M. Streeper (54) ° S. Y. Nakada 

Department of Urology, University of Wisconsin School of Medicine and Public Health, 
Madison, WI, USA 

e-mail: streeper @urology.wisc.edu; nakada Q urology.wisc.edu 


@ Springer International Publishing Switzerland 2015 195 
S.R. Patel, S. Y. Nakada (eds.), Ureteral Stone Management: 
A Practical Approach, DOI 10.1007/978-3-319-08792-4 14 


196 N.M. Streeper and S.Y. Nakada 


Proximal Stricture 

- Place stent for 
passive dilation 

- Stone treatment 2 
weeks later 


Retrograde access with guidewire 


using fluoroscopic guidance 


Not Successful Successful — | Distal Stricture 


- Place safety wire 
- Ureteral balloon 
dilation of stricture 
- Stone treatment 
- Place stent 


Retrograde access using direct 
visualization with ureteroscope to 


place guidewire 


Not Successful 


Place nephrostomy tube and plan 


subsequent antegrade approach 


Fig. 14.1 Treatment of a ureteral stone with distal ureteral stricture 


Retrograde vs Antegrade Ureteral Access 


In the setting of a concomitant ureteral stricture and stone, it may be difficult to 
gain retrograde access. Often times the stone is impacted at the location of the ure- 
teral stricture making access even more challenging. An attempt should be made to 
pass a guidewire, such as the Sensor (Boston Scientific, Natick, MA, USA), under 
fluoroscopic visualization. If there is difficulty bypassing the stone a 5F ureteral 
access catheter should be passed under fluoroscopic guidance over the guidewire to 
a position just distal to the obstruction. The wire should be removed in order to per- 
form a retrograde pyelogram (RPG) to delineate the anatomy. The ureteral access 
catheter will also straighten out the ureter distal to the obstruction allowing for the 
guidewire to project in a more favorable orientation. Using the imaging gained from 
the RPG a hydrophilic guidewire, such as a glidewire, should then be re-advanced 
through the ureteral access catheter to negotiate past the obstructing segment. It is 
important to carefully manipulate the guidewire with care in order to avoid ureteral 
perforation. Glidewires are often able to bypass an impacted stone or obstructing 
stricture and are less likely to cause a false passage or ureteral perforation. There are 
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both straight and angled glidewires available. Once the glidewire is coiled within 
the renal pelvis, the ureteral access catheter should be passed over the wire and 
above the area of obstruction. If the urine draining from the access catheter appears 
to be infected then the procedure should be abandoned, a stent should be placed 
and treatment should be performed after appropriate antibiotics have eradicated the 
infection. Otherwise, the glidewire should then be exchanged for a stiffer guidewire 
to avoid the glidewire from inadvertently being removed. 

If the above maneuver is not successful then the next step is placement of 
the guidewire under direct visualization. A guidewire should be left in place just 
below the area of obstruction and the ureteroscope, either semi-rigid if within the 
distal ureter or flexible if within the mid/proximal ureter, should be passed to the 
level of the obstruction. Under direct visualization the diameter of the stricture, 
size of the stone, and presence of stone impaction may be assessed. The guide- 
wire may then be directed around the stricture and stone at a favorable appearing 
location. If stone impaction prevents this, then laser lithotripsy may be carefully 
performed until a guidewire is able to be passed. It is not recommended to attempt 
basketing the stone without a safety wire in place. In cases of failed retrograde 
access a percutaneous nephrostomy tube should be placed with plans for ante- 
grade ureteroscopy. 

Percutaneous antegrade treatment of ureteral stones is a secondary treatment 
after failed retrograde access to the stone. A stone positioned in the ureter just 
proximal to a ureteral stricture may be best approached in this manner before a 
standard endoureterotomy is performed. An upper-posterior or mid-posterior cali- 
ceal approach to percutaneous access offers the most direct route to the ureter. 
Flexible antegrade URS with laser lithotripsy may then be performed. A neph- 
rostomy tube should be replaced to perform an antegrade nephrostogram post- 
operatively to evaluate the location and extent of the ureteral stricture for definitive 
surgical treatment. 

After successful retrograde access the next step is determined by the location of 
the stricture that is compromising access to the stone. Due to the fragility of the 
proximal ureter, it is best to stent and allow for passive dilation rather than active 
dilation with a ureteral balloon dilator. A second-look URS may be done in 
1-2 weeks, typically with an easily accessible ureter. Passive dilation is a safe and 
effective way to dilate the ureter; however, it does require two separate procedures. 
For distal ureteral strictures, a safety wire should be placed prior to balloon dilation. 
The safety wire may be placed with a dual lumen catheter, 8/10 dilator, ureteral 
access sheath, or under direct visualization with the semi-rigid ureteroscope. 


Ureteral Balloon Dilation 


Ureteral balloon dilators are recommended for dilation of ureteral strictures that 
compromise access to the ureteral stone. Use of balloon dilators are associated with 
increased post-operative pain and should only be used when necessary [1]. Balloon 
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Table 14.1 Specifications of current ureteral balloon dilators 


Balloon Dilator Inflated Balloon Balloon Length (cm) Rated Burst Pressure 
Diameter (mm) (atm) 

Cook 

Ascend AQ 12Fr, 15Fr, 18Fr, 21F r, 4, 6, or 10 cm 20 
or 30Fr 

Boston Scientific 

UroMax Ultra 12Fr, 15Fr, 18Fr, 21Fr, 4, 6, 8 or 10 cm 20 

24Fr, or 30Fr 

Bard 

UroForce 12Fr, 15Fr, 18Fr, 21Fr 4, 6 of 10 cm 23 
or 24Fr 


dilators range in length from 4 to 10 cm with various diameters, 12-15F, see Table 14.1 
for specifications. The balloon has radiopaque markers at the proximal and distal ends, 
which are used to position the balloon over the working guidewire using fluoroscopy 
(Fig. 14.2). They should never be inflated over an obstructing ureteral stone due to 
the risk of ureteral perforation. Once the balloon is in proper position, it is inflated 
with half-strength contrast using a pressure gauge syringe. The balloons typically can 
withstand inflation pressures up to 17—20 atm; however dilation of the ureter typically 
can be achieved at lower pressures (4—6 atm). The lowest pressure necessary to dilate 
the ureter should be used to avoid ureteral perforation, and therefore it is important to 
inflate the balloon under fluoroscopic guidance. Typically a “waist” is seen in the bal- 
loon at the location of the stricture, and one should continue to inflate slowly until the 
"waist" disappears. The balloon is then deflated and removed, leaving the guidewire 
in place. Ureteroscopy may then be performed to treat the stone. Complications that 
can occur with balloon dilation include: balloon rupture from over inflation, mucosal 
injury, bleeding, and ureteral perforation if inflation is performed too rapidly or if 
higher pressures are used than necessary. 


Post-operative Imaging 


Patients should be monitored with post-operative imaging to evaluate for possible 
recurrent asymptomatic ureteral strictures. We routinely perform renal ultrasound 
4 weeks after stent removal to evaluate for hydronephrosis. If hydronephrosis is 
present, evaluation should include RPG, intravenous pyelogram (IVP) or delayed 
contrast CT imaging. If no hydronephrosis is present, repeat renal ultrasound at 
6-12 months post-operatively should be done to assess for late ureteral stricture 
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Fig. 14.2 Balloon dilation of a ureteral stricture. (a) A retrograde pyelogram (RPG) is performed 
to evaluate the area of obstruction. The arrow indicates the location of the ureteral stricture. (b) 
The balloon has radiopaque markers at the proximal and distal ends, which is used to position the 
balloon over the working guidewire using fluoroscopy. Once the balloon is in proper position, it is 
inflated with half-strength contrast using a pressure gauge syringe. (c) It is important to inflate the 
balloon under fluoroscopic guidance to dilate the stricture with the lowest pressure required. 
Typically a “waist” is seen in the balloon at the location of the stricture as indicated by the arrow. 
(d) The balloon is inflated slowly until the “waist” disappears 


formation. It is possible to have silent obstruction and if routine imaging is not 
done to evaluate the patient may risk loss of the renal unit. Weizer et al. found 
a 3.7 96 ureteral obstruction rate after ureteroscopy in asymptomatic patients within 
3 months post-operatively suggesting a need for routine imaging [2]. Adiyat et al. 
found an overall ureteral stricture rate of 1.4 % after ureteroscopy with all cases 
involving stone impaction, balloon dilation, or ureteral perforation suggesting that 
routine imaging may not be necessary after uncomplicated ureteroscopy [3]. 


Complications and Ureteral Stricture Formation 


Ureteral false passage is a complication that can occur with attempted passage of a 
guidewire across a strictured ureter or impacted stone [4]. The ureteral wall mucosa 
is perforated in this type of injury, but the wall itself remains intact. Recognition of 
the injury is the first step, followed by correct placement of the guidewire with 
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confirmation by RPG. A ureteral stent should then be placed to allow the false 
passage to heal for 2 weeks. False passage is associated with a post-operative ure- 
teral stricture rate of 0.4—0.9 96, despite intra-operative recognition [5]. 

The risk of ureteral perforation is increased in cases of impacted stones or 
ureteral strictures with difficult ureteral access. It may occur with the advancement 
of guidewires, ureteroscopes or aggressive ureteral balloon dilation. Treatment of 
a ureteral perforation typically involves termination of the procedure and place- 
ment of a ureteral stent. The stent should be left in place for 4—6 weeks prior to the 
second procedure. Taie et al. found a ureteral perforation rate of 1.2 % in a large 
review of patients undergoing ureteroscopy [6]. However, they did not evaluate the 
rate in complicated cases. Longer operative times have also been associated with an 
increased rate of ureteral perforation [7]. 

Ureteral strictures are a late complication of ureteroscopy that can lead to loss of 
renal function. Recent studies suggest that the overall incidence of ureteral stricture 
after ureteroscopy is 0.5—3.5 96 [8-10]. The cause of ureteral strictures is multifac- 
torial; primarily due to trauma during ureteroscopy from mechanical or thermal 
injury. Impacted stones may cause severe inflammation and vascular compromise 
that leads to stricture formation. Roberts et al. found that the rate of ureteral stricture 
disease after URS of impacted calculi was 24 %, much higher than the less than 1 96 
noted in the general population of calculi treated with ureteroscopy [11]. Ureteral 
perforation is another cause of stricture formation secondary to injury to the ureter. 
Stoller et al. found a ureteral stricture rate of 5.9 % in patients with intraoperative 
ureteral perforation, compared to an overall 3.5 % rate [8]. 


Treatment of Ureteral Strictures 


Ureteral strictures should not be treated with endoureterotomy at the same time 
as stone treatment because of potential for fragments to migrate into the periure- 
teral space secondary to ureteral perforation. The current management of ureteral 
strictures depends on the length and location. Short, non-ischemic, ureteral stric- 
tures «2 cm in length generally have good results from an endoscopic approach. 
Strictures that are >2 cm or ischemic are better managed with open/laparoscopic/ 
robotic-assisted approaches that include ureteroureterostomy, Boari flap, psoas 
hitch, ileal ureter or auto transplantation depending on the length and location. 
Initial treatment involves obtaining imaging with combined retrograde and ante- 
grade pyelogram to visualize the length of the stricture in order to plan the appro- 
priate operative approach. CT urogram may be indicated if extrinsic or malignant 
causes of stricture formation are suspected as it will provide additional anatomic 
information. If diminished renal function is suspected then renal scintigraphy 
with diuretic washout should be performed to ensure the kidney has adequate 
function prior to stricture repair. This should be performed after the system is 
adequately drained with a ureteral stent or nephrostomy tube in order to optimize 
renal function. 
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Endoscopic management of ureteral strictures may be accomplished with 
a holmium laser incision, cold knife incision or balloon dilation in a retrograde or 
antegrade fashion. Incision provides better results than balloon dilation. Overall 
success rates for endoscopic treatment of benign ureteral strictures is approximately 
80-85 % [12, 13]. The density, length and cause of the stricture may affect the 
success rate. After treatment a ureteral stent should be left in place for approxi- 
mately 3-6 weeks, and follow-up imaging after removal of the stent is necessary to 
evaluate long-term success. Post-operative imaging may include: renal ultrasound, 
excretory urography, retrograde pyelogram, or renal scintigraphy with diuretic 
washout. Renal ultrasound is the preferred imaging because it is well-tolerated and 
adequately evaluates for the presence of hydronephrosis. Typically this is performed 
3 months post-operatively and on a yearly basis if the patient remains asymptom- 
atic. If there is hydronephrosis or thinning of the renal parenchyma on ultrasound, 
this may be further evaluated with contrasted studies or renal scintigraphy. 


Take Home Points 

* Balloon dilators are never inflated over an obstructing ureteral stone 
because of the risk of ureteral perforation. 

° Ureteral strictures should not be treated with endoureterotomy at the same 
time as stone treatment because of the potential for fragments to migrate 
into the periureteral space secondary to ureteral perforation. 

° If unable to obtain retrograde ureteral access, then a nephrostomy tube 
should be placed with plans for antegrade ureteroscopic approach. 

* Evaluate for asymptomatic obstruction post-operatively with imaging after 
ureteral stent removal. 
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Chapter 15 
Complications in the Treatment of Ureteral 
Stones: Prevention and Management 


Stavros Sfoungaristos and Mordechai Duvdevani 


Introduction 


Medical technology progress, increased surgical experience and smaller diameter 
instruments have contributed in making ureteroscopy a safe and widely utilized 
procedure for the management of ureteral stones. Although the complications rate 
is low, some complications can be very dangerous for the patient. The present chap- 
ter will focus on the most common complications during ureteroscopic stone proce- 
dures, analyze the causative factors and suggest tips to avoid and manage them. 


Ureteral Bleeding 


Intraoperative bleeding represents a rare complication of ureteroscopy and it rarely 
represents the cause of termination of the procedure due to compromised visualiza- 
tion of the ureteral lumen. Causes of bleeding include trauma of the ureteral orifice 
during the insertion of the ureteroscope, pelvis or caliceal over-distension, mucosal 
injury during insertion of stiff guidewires or stone manipulation with basket. 
Tepeler et al. reported and categorized the intraoperative complications in 1,208 
patients who underwent ureteroscopy for stone removal [1]. The authors reported 
that the incidence of intraoperative bleeding was 1.9 96 and none of the cases needed 
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blood transfusion. Although bleeding was minor in most of the cases, four of them 
(0.33 96) were terminated due to loss of vision. 

Geavlete et al. retrospectively reviewed 2,735 ureteroscopic procedures operated 
in a single center between 1994 and 2005 [2]. The incidence of significant bleeding 
during the ureteroscopic procedure was 0.1 % with three of the cases having to be 
terminated due to limited visualization. All cases were managed with stent placement 
and no blood transfusion was required. 

Toepfer et al. compared the clinical outcome of rigid ureteroscopy between patients 
who receive antiplatelet and anticoagulant therapy and patients who did not [3]. They 
reported no differences in bleeding complications. Similarly, Watterson et al. reviewed 
29 stones of patients with known bleeding diathesis who were treated with holmium 
laser intracorporeal lithotripsy [4]. All procedures were finished uneventfully, apart 
from one case in which a blood transfusion was required due to a significant retroperi- 
toneal hemorrhage. Of great interest, in this specific patient he was treated with laser 
and concomitant electrohydraulic lithotripsy (which has a higher rate of ureteral per- 
foration and ureteal damage compared to the Holmium laser). 

In the contemporary era, smaller diameter ureteroscopes have decreased the need 
for ureteral orifice dilation and thereby the incidence of significant bleeding [5]. The 
surgeon may also decrease the risk of intraoperative bleeding by decreasing the use 
of extraction tools, like baskets, and stiff wires. A flexible instrument should be used 
in cases that there is an increased resistance to pass proximal the ureter. Whenever, 
the visualization is low and manipulations inside the ureter are not safe, a ureteral 
stent should be placed and the procedure should be terminated. Bleeding is then 
generally controlled within a few hours. In the rare case of uncontrolled bleeding, a 
tamponade balloon catheter may be used intraoperatively. Persistent, life-threatening 
hemorrhage should be managed with immediate angioembolization. 


Ureteral Wall Thermal Injury 


Some of the devices used for intracorporeal lithotripsy, mainly electrohydraulic and 
laser lithotripters, produce thermal energy during stone fragmentation. As a result 
of the above phenomenon, thermal injury of the ureteral wall, even if it is rare, rep- 
resents a potential complication of the procedure. Direct contact of the electrohy- 
draulic probe to the ureteral wall may lead to ureteral perforation due to coagulative 
necrosis. The same results can be produced by the Holmium laser fiber which has a 
penetration depth of 0.5 mm. However, when the tip is located adistance of at least 
2 mm away from the ureteral wall, the possibilities of thermal injury are rare. 

Sofer et al. reported a thermal injury incidence of 0.2 % in 598 patients who were 
treated with Holmium laser lithotripsy [6]. On the other hand, this rate was signifi- 
cantly higher (1 96) in a series of 198 patients who were managed with electrohy- 
draulic lithotripsy by Basar et al. [7]. 

In depth knowledge of the technical characteristics of ureteroscopic instru- 
ments, surgical experience and appropriate instrumentation during lithotripsy are 
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the mainstays for decreasing the potential of ureteral wall thermal injury. In cases 
of ureteral wall injury or ureteral perforation, a stent should be placed to allow for 
mucosal healing. Future CT urography may be helpful for early identification of 
ureteral stricture and obstruction. 


Ureteral Abrasion 


Mucosal abrasion represents the most common complication of ureteroscopic pro- 
cedures. There is no standardized definition and it is rarely of clinical significance 
apart from technical difficulties that can be produced during the operation mainly 
due to obstruction of the lumen and decrease of visibility. It is obvious that any 
instrument that passes through the ureter can produce a certain degree of abrasion. 
This degree is higher when rigid and semirigid instruments are used, and multiple 
entries of the ureteroscope are needed for stone disintegration and removal. Butler 
et al. reported a 0.3 % rate of mucosal abrasion in a study of 2,273 ureteroscopies. 
They reported that the ureteroscope itself was the cause of mucosal abrasion in all 
cases [8]. Similarly, Geavlete et al. reported that mucosal abrasion was noticed in 
1.5 96 of 2,735 ureteroscopic procedures made with semirigid instruments of vari- 
able diameter ranged from 6.5 to 10F [2]. 

The flexibility and size of the ureteroscope can be correlated to the degree of 
mucosal abrasion [9]. Francesca et al. thus compared the safety of conventional 
rigid ureteroscopes with a diameter from 9.5 to 11.5Fr and semirigid ureteroscope 
with a diameter ranging between 6 and 7Fr [9]. Ureteral mucosal abrasion was 
Observed in 24 % of 248 rigid ureteroscopies and in 6 % of 49 semirigid procedures. 
The authors conclude that small caliber semirigid ureteroscopes are safer compared 
to conventional instruments. 

Theoretically, small abrasions will not affect the procedure in terms of technical 
aspects and clinical outcome. They usually do not need any adjuvant procedure 
since they will heal fast without long term complications. 


Creation of a False Passage 


False passage represents a common complication during endoscopic maneuvers. 
The reported rate is widely varied and ranges from 1 to 18.3 96 [2, 10]. Although 
it is characterized as a minor complication, it can be transformed into a serious 
complication if it is not identified and left untreated. It is generally caused during 
the insertion of a guidewire and it is more common to happen at sites of ureteral 
inflammation or impacted stones. Ureteral strictures, tight ureteral orifice, tortuous 
ureters and excessive force during the insertion of the ureteroscope may also lead to 
false passage. Blind manipulations of any endoscopic equipment, such as baskets, 
laser fibers and forceps may lead to creation of false passage, as well. 
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Suspicious clinical signs such as difficulty in advancing the wire through the 
ureter should be carefully noted and if the manipulation is continued may lead to a 
false passage. The fluoroscopic identification of the wire inside the pelvis and the 
caliceal system does not exclude the presence of a false passage, since the wire may 
re-enter the ureteral lumen after a short sub-mucosal course. The latter situation 
may lead to tract dilatation with a ureteral catheter or with the ureteroscope. 
Dilatation of a false passage with a balloon can lead to disaster as it can then lead to 
ureteral perforation and increased ureteral damage. 

In case that a false passage is suspected, then a dual-lumen catheter can be 
inserted and a retrograde ureterography is performed. The absence of contrast mate- 
rial within the pelvis or the presence of contrast collection along the ureteral wall in 
both images would confirm the findings of a false passage or of ureteral perforation. 
In case that this is confirmed, the wire should be removed and replaced. Ideally, 
wire removal and re-insertion should be performed under vision with the uretero- 
scope just distally to the submucosal root. If the false root is very long, a double J 
stent should be left and the procedure should be repeated after 2 weeks. 


Ureteral Perforation 


Perforation of the ureter represents a common complications of ureteroscopy. The 
rate of this complication was significantly higher in the first steps of minimal inva- 
sive surgery of the ureter as a result of epidural anesthesia, larger instruments and 
minimal experience. 

The introduction of smaller diameters ureteroscopes dramatically changed the 
perforation rates during ureteroscopy. Abdel-Razzak and Bagley reported 1 case of 
perforation out of 65 patients treated with a 6.9F semirigid ureteroscope [5]. The 
same authors found 1.7 96 perforation rate in 290 procedures performed by flexible 
ureteroscopes with tip diameter ranging from 8.5 to 1OF [11]. To provide the signifi- 
cance of instrument diameter on ureteral perforation rates, Grasso and Bagley 
described their experience with flexible ureteroscopes smaller than 8F [12]. No ure- 
teral perforation was observed in 584 ureteroscopic procedures. 

Apart from instrument diameter, the lithotripter unit/laser fiber itself may perfo- 
rate the ureter. Many different kinds of available instruments (laser fibers, guide- 
Wires, stone extraction baskets) can produce such a complication. This can be the 
result either of a bad operator maneuver either from direct contact of the tip of the 
lithotripter (laser fiber or EHL tip) with the ureteral epithelium. The evolution in 
Holmium laser fibers has contributed in increased safety due to technical aspects. 
The penetration depth of contemporary laser fibers has been described to be approx- 
imately 0.5 mm and thus it can be used in very close distance to the ureteral wall 
without damaging the adjacent organs. The above is mainly useful when we treat 
urothelial tumors by laser ablation. 

As we described above, electrohydraulic lithotripter (EHL) may perforate the 
ureteral wall due to coagulative necrosis following direct contact with the mucosa. 
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Billen et al. reported that electrohydraulic lithotripter may be associated with higher 
rates of complications [13]. In their study they observed 4 cases of perforation out 
of 13 patients treated with ureteroscopy and intracorporeal lithotripsy. 

Sozen et al. described their experience of 500 patients with ureteral calculi man- 
aged with ureteroscopy and pneumatic lithotripter with Swiss lithoclast [14]. 
Ureteral perforation was observed in 1.4 % of the patients. The same year, Aghamir 
et al. reported their results of 340 patients and 362 ureteral calculi treated with a 
8.5F ureteroscope and Swiss lithoclast [15]. The rate of ureteral perforation was 
0.27 96 providing the safety of pneumatic lithotripter. 

The efficacy and safety of the two above lithotripters, pneumatic and electrohy- 
draulic, were compared in a randomized, prospective study by Hofbauer et al. The 
authors studied 72 patients with ureteral calculi. Interestingly, they found that per- 
foration rates were significantly higher in favor of pneumatic lithotripter (17.6 96 
versus 2.6 % for electrohydraulic and pneumatic lithotripter, respectively) [16]. 

More recently, Sun et al. compared the safety of the Swiss lithoclast pneumatic 
lithotripter and Holmium: YAG laser for the treatment of 285 consecutive patients 
with ureteral stones [17]. No perforations were observed in the group managed with 
laser lithotripsy. In contrast, they found five cases with ureteral perforation in the 
group of pneumatic lithotripter. Similar results were reported by Sofer et al. as the 
authors observed only a single perforation case out of 598 patients who were treated 
by Holmium: YAG lithotripsy [6]. 

The above observations guide us to conclude that laser lithotripsy should be con- 
sidered the modality of choice as it can provide increased safety during uretero- 
scopic lithotripsy. 

Apart from ureteroscopes and lithotripters, any unit that is used during the pro- 
cedure and that enters the ureteral lumen may potentially perforate the organ. Such 
equipments include baskets, guidewires, ureteral dilatators, and ureteral catheters. 
Although perforation can be managed efficiently by stent placement without major 
long-term complications, it can be dangerous if not recognized during the procedure 
and left untreated. This may happen more commonly when we insert instruments, 
like wires or ureteral catheters, without direct vision. Thus, ureteral consistency 
should be always checked at the end of the procedure in order to identify a ureteral 
perforation early and thus appropriately manage it. Increased intra-pelviceal or 
intra-calyceal pressures may result in ureteral perforation, often wider than the ones 
produced by instruments. This can occur in cases where high pressure irrigation is 
used for intra-ureteral fluid flow. The transmission of high pressures into the collect- 
ing system may lead to rupture of the ureteral or pelvic wall, especially in renal 
units with small non-dilated collecting systems and an intra-renal pelvis. 

The majority of perforations are small and can be managed conservatively. In all 
cases, a Safety guide wire should be in place because otherwise the insertion of a wire 
through a ruptured ureter can even enlarge the rupture site transforming a minor com- 
plication into a major one. Over the wire, a double J stent can be inserted and left in 
place for 4-6 weeks. CT urography is advised for early identification of a ureteral 
stricture at the perforation site. In cases of large, longitudinal perforations that cannot 
be managed conservatively, open or laparoscopic repair may be the treatment of choice. 
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Ureteral Avulsion 


Ureteral avulsion represents the most dramatic complication that can be encountered 
during ureteroscopic procedures. It may occur in cases that forceful insertion of the 
ureteroscope is attempted or large stone fragments are manipulated within a smaller 
diameter lumen. The proximal part of the ureter is at a greater risk for avulsion due 
to less muscle support compared to the distal ureter. 

The use of multiple wire baskets has been implicated as a causative factor for 
ureteral avulsion. The newer nitinol tipless baskets have greatly contributed to 
decreasing this risk. The key point to avoid any ureteral injury, and mainly avulsion, 
during stone manipulation with baskets, is to follow the basket and the entrapped 
stone all the way down the ureter by putting the ureteroscope just distal to the bas- 
ket. In any case that force is needed during the extraction, the stone should be 
released under vision and stone disintegration should be performed until the cre- 
ation of small enough fragments for safe removal. In the case that a ureteral stricture 
is the cause for stone extraction failure, a double J stent may be inserted for 2 weeks 
to assist in passive ureteral dilatation. 

A common complication during ureteroscopy that may lead to avulsion is entrap- 
ment of the ureteral stonebasket. Forceful removal of the basket may tear the ure- 
teral wall and cause partial or complete avulsion. To manage this complication and 
to avoid ureteral damage, the ureteroscope should be removed, after cutting the 
proximal part of the basket in order the ureteroscope to be removed from the work- 
ing channel. In case that a ureteroscope with two working channels is used, this step 
can be omitted. The ureteroscope can then re-enter the ureter alongside the basket 
and the laser is used to break the basket wires. Following stone release, the basket 
is removed and lithotripsy may be continued. Alternatively, stone can be disinte- 
grated within the basket and as soon as the fragments are small enough, basket can 
be removed with the fragments. 

Ureteral avulsion rates are generally low in many large series. Geavlete et al. 
reported a 0.7 96 rate (19 cases) of entrapped baskets in a series of 2,735 cases [2]. 
Eighteen cases were treated endoscopically while the rest one was treated with open 
ureterolithotomy and basket extraction. More recently, Tepeler et al. reported that 
stone avulsion was observed in 0.16 96 of 1,208 patients treated with ureteroscopic 
lithotripsy for ureteral stones [1]. 

Most ureteral avulsions are recognized intraoperatively and can be managed at 
the same time. In the rare case that this is not identified during the procedure, early 
signs are flank pain and fever. Diagnosis can be confirmed with CT urography or 
antegrade ureterography by contrast extravasation and lack of contrast in the proxi- 
mal ureter. Open or laparoscopic anastomosis of the ureter is the management of 
choice. The exact technique depends on the level and degree of avulsion. In case 
that a delayed correction is chosen, a percutaneous nephrostomy should be inserted 
for urine drainage. 
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Take Home Points 

° Ureteroscopy is a relatively safe procedure for the treatment of ureteral 
stones with a low incidence of complications. 

* Proper technique and experience are the mainstays for a safe procedure 

* Most ureteral complications can be managed by a ureteral stent insertion. 

° Forceful maneuvers during stone extraction should be avoided in order to 
decrease the risk of ureteral avulsion. 

* Performing endoscopic maneuvers under direct visualization can mini- 
mize the incidence of major complications (ureteral perforation, signifi- 
cant ureteral bleeding, ureteral avulsion). 
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Chapter 16 
Future Directions 


Sutchin R. Patel and Stephen Y. Nakada 


As we have seen from the history of the treatment of ureteral stones to our current 
management, many of our advances have occurred because we have truly “stood on 
the shoulder of giants.” We have progressed from cutting for stone to the era of 
endourology due to advances in numerous fields including radiology, the develop- 
ment of SWL, improvements in optics and the ureteroscope and the utilization of the 
laser for lithotripsy. In this chapter we will look to the future and hope to scour the 
horizon for the technological advances that will continue to revolutionize our field. 


Ferromagnetic Extraction of Stone Fragments 


The novel concept of removing stone fragments with a magnetic tool was first 
described by Tracy et al. in 2010 [1]. In order for stone fragments to be extracted 
with a magnet, the calcium based stones had to first be coated with solution that had 
a polymer that allowed binding to the stone attached to 1 um microparticles with an 
iron oxide core (Invitrogen, Carlsberg USA). Tracy et al. then placed the coated 
stone fragments in a bladder model and found a 53 % reduction time in the extrac- 
tion of the stone fragments compared to a 2.4Fr tipless nitinol basket [1]. 
Evaluation of the performance envelope for stone capture found that target cap- 
ture was effective in the low, single digit millimeter distance range favoring smaller 
stones up to 3 mm in diameter [2]. An in vitro comparison of the magnetic tool with 
a conventional nitinol basket for ureteroscopic stone retrieval in a bench top simula- 
tor found that the magnetic tool improved the efficiency of retrieving stone particles 
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rendered paramagnetic that were less than 2 mm but showed no advantage for larger 
fragments [3]. The toxicity of the iron oxide microparticles was evaluated in a 
murine model [4]. The microparticles were not found to cross intact urothelial 
membranes and when introduced systemically, they led to minimal inflammatory 
changes in the lung and liver, thus additional longer term studies will be required to 
further assess toxicity. 

Though the ferromagnetic extraction of stone fragment model was mainly 
devised in the case of fragment extraction during ureteroscopy and laser lithotripsy 
for renal stones or via PCNL it may also be applicable for ureteral stones [5]. The 
use of a magnetic tool versus a nitinol basket would: (1) allow easier extraction of 
smaller stone fragments, which can be difficult to basket extract (2) result in less 
passes in the ureter compared to the use of the basket for stone extraction thus lead- 
ing to less ureteral trauma and perhaps even negating the risks of ureteral avulsion 
(3) aid in the extraction of stone fragments when there is poor visualization from 
bleeding. After this promising technique is further developed, human clinical trials 
will be required to evaluate its efficacy and applicability compared to stone basket 
extraction. 


Robotic Flexible Ureteroscopy 


The flexible Sensai& robotic catheter system (Hansen Medical System, Mountain 
View, CA) has been applied for robotic flexible ureteroscopy [6]. The system is 
based on a remote master-slave system that consists of: (1) a surgeon console, 
including the master input device (MID) (2) remote catheter manipulator (3) the 
flexible catheter system (4) an electronics rack which contains all the video and 
computer hardware. The MID has a 3-dimensional joystick that the surgeon uses to 
manipulate the catheter tip. The display monitor shows endoscopic visualization, 
real-time fluoroscopic views and a catheter animation on the LCD display that gives 
the surgeon the location and orientation of the ureteroscope tip in the collecting 
system. The remote element consists of the remote catheter manipulator which is an 
arm that attaches to the operating table on which the steerable catheter sheath and 
guide catheter are attached [6]. The robotic system is built to treat renal stones as the 
flexible ureteroscope is fixed to and guided by the inner catheter (10—12Fr) which is 
placed through an outer catheter sheath (12—14Fr) which stabilizes the inner cathe- 
ter at the level of the ureteropelvic junction. The maximum deflection of the flexible 
catheter system is 270°. 

Desai et al. performed the preliminary animal studies of the flexible ureteroscope 
robotic system in the swine model and demonstrated ureteroscopy with holmium 
laser lithotripsy of 4 mm human stones that had been placed in the kidneys [7]. 
Balloon dilation of the ureter was required in 2/10 ureters to accommodate the 
robotic catheter system. The early animal studies allowed for further changes to the 
robotic system including decreasing the diameter of the robotic ureteroscope to 
improve drainage of the irrigant fluid. 
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The first clinical study using the flexible ureteroscopy robotic system was per- 
formed in 2011 when 18 patients with renal calculi were treated [8]. All patients 
did have pre-existing ureteral stents in place 2 weeks prior to the procedure. 
Flexible robotic ureteroscopy with laser lithotripsy was performed successfully in 
all 18 patients. The mean operative time was 91 min, the mean stone size was 
11.8 mm, mean robotic docking time was 7.3 min and total robot time including 
docking time was 41.4 min. No intraoperative complications were observed and 
there was no evidence of renal perforation as confirmed by contrast injection at the 
end of each case. Complete stone free status was achieved in ten patients (56 96) at 
2 months based on CT-imaging and 15 patients (89 %) at 3 months based on intra- 
venous pyelogram. One patient required an auxiliary procedure for clearance of 
symptomatic residual stone debris. There was no evidence of ureteral stricture on 
follow-up at 3 months. 

The development of flexible robotic technology was the potential to have numer- 
ous applications across many other surgical specialties [9]. One benefit of flexible 
robotic ureteroscopy is the application of motion scaling with fine scaling advanta- 
geous in the targeting and treatment of small stone fragments. By using a remote 
surgical system with a master-slave system, the surgeon is no longer at the bedside 
and thus is not exposed to any radiation via fluoroscopy. One of the disadvantages 
of the robotic system is the lack of haptic feedback which plays a significant role in 
current flexible ureteroscopy and which may prevent inadvertent tissue injury. 

The preliminary results from the flexible robotic ureteroscopy system appear to 
be promising. Further technological improvements followed by trials comparing 
manual ureteroscopy to the robotic system will be needed to evaluate the benefits 
and economic feasibility of the flexible robotic ureteroscopy system. 


Ultrasonic Propusion of Urolithiasis 


The use of focused ultrasonic propulsion to move renal calculi in the collecting 
system is a novel technique to help pass renal calculi and potentially relieve an 
obstructing ureteral stone by moving it into the renal pelvis [10]. Harper et al. 
showed that focused ultrasonic propulsion was used to successfully relocate 17 of 
26 stones (65 96) in a mean procedure time of 14 min utilizing a mean of 23 ultra- 
sound bursts [10]. Successful stone relocation was defined as stone movement from 
the calyx to the renal pelvis, ureteropelvic junction or proximal ureter. Transcutaneous 
ultrasonic propulsion was performed using an HDI C5-2 imaging transducer (ATL/ 
Phillips, Bothell, WA) and the Verasconics® diagnostic ultrasound platform. 

The acoustic pressure and energy for this technique are lower than those used 
currently for SWL so it was hypothesized that the technique would lead to minimal 
renal injury. Connors et al. showed that focused ultrasonic propulsion produced no 
detectable morphological injury to renal parenchyma in a porcine model when 
using clinical treatment parameters, but produced injury comparable in size to SWL 
when using excessive treatment parameters [11]. 
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As focused ultrasonic propulsion of renal calculi undergoes clinical testing it 
may be useful in a number of scenarios [12]. It may be used as an adjunct to primary 
medical expulsive therapy for smaller stones or after lithotripsy to clear residual 
fragments. It may have a role in the management of acute renal colic due to an 
obstructing UPJ stone by pushing the stone back into a nonobstructing location. It 
may also have an adjunctive role in an intraoperative setting allowing for the repo- 
sitioning of stones during ureteroscopy or percutaneous nephrolithotomy to allow 
for easier treatment or stone extraction. 


Burst Wave Lithotripsy 


Burst wave lithotripsy is an experimental method to noninvasively fragment uroli- 
thiasis using focused bursts of ultrasound [13]. Burst wave lithotripsy utilizes focused 
sinusoidal ultrasound bursts rather than shock waves to disintegrate stones into small 
fragments. Similar to SWL, BWL’s mechanism for fragmentation of stone is based 
on a combination of pressure waves inside the stone due to the incident sound field 
and cavitation effects at the stone surface. While SWL is broadband in nature which 
leads to a wide distribution of stone fragments, BWL has a narrowband nature lead- 
ing to control of fragment size. Because the cavitation bubble growth is significantly 
less than SWL, it therefore allows for energy to be delivered at a higher rate and 
allows potentially for less injury. BWL appears to be a promising new technology 
that may be utilized for stone fragmentation. However further studies will be needed 
to evaluate its effectiveness and potential tissue injury prior to clinical trials. 


Stone Prevention and Quality of Life 


Though our text has focused on the treatment of ureteral stones, stone prevention via 
medical management and dietary recommendations has become increasingly impor- 
tant as the incidence of stone disease has risen. The recent publication of the AUA 
Guidelines on the Medical Management of Kidney Stones has codified and orga- 
nized our approach to preventing urolithiasis, illustrated the available data to sup- 
port the recommendations by the panel and highlighted areas where further research 
and studies need to be performed [14]. When measuring the effectiveness of treat- 
ment for ureteral stones we have primarily focused on clinical endpoints such as 
stone free rates or complication rates. The assessment of patient health related qual- 
ity of life for stone formers is important in that it is an outcome that is relevant to the 
patient, not solely the disease process, and may affect decisions made regarding 
medical and surgical management. The Wisconsin Stone QOL, a disease specific 
assessment tool for stone formers, helps to capture the patient reported aspects of 
urolithiasis related symptoms [15]. Future assessment of health related quality of 
life for stone formers at various points before, during and after their treatment will 
aid us in identifying how to better treat our patients. 
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Take Home Points 

* The development of ferromagnetic extraction of stone fragments may lead 
to higher stone free rates and less passages up the ureter for stone extraction 
in the future. 

° The fine scaling of flexible robotic ureteroscopy may help in the treatment 
of smaller stone fragments and the flexible robot may also have applica- 
tions across multiple surgical disciplines. 

* Focused ultrasonic propulsion of urolithiasis may be useful in many clinical 
scenarios including aid in the passage of small stone fragments, pushing an 
obstructing UPJ stone back into the renal pelvis during an episode of renal 
colic or as an adjunct to ureteroscopy or PCNL to aid in stone treatment and 
extraction. 

* Burst wave lithotripsy is a promising experimental method to noninva- 
sively fragment urolithiasis using focused sinusoidal ultrasound bursts. 

* Health related quality of life assessment may have equivalent value to 
stone free rates as a measurable patient outcome in the future. 


References 


10. 


. Tracy CR, McLeroy SL, Best SL, Gnade BE, Pearle MS, Cadeddu JA. Rendering stone frag- 


ments paramagnetic with iron-oxide microparticles improves the efficiency and effectiveness 
of endoscopic stone fragment retrieval. Urology. 2010;76(5):1266.e10-4. 


. Fernandez R, Tan YK, Kaberle W, Best SL, Olweny EO, Pearle MS, Gnade BE, McElroy SL, 


Cadeddu JA. Determining a performance envelope for capture of kidney stones functionalized 
with superparamagnetic microparticles. J Endourol. 2012;26(9):1227—30. 


. Tan YK, McLeroy SL, Faddegon S, Olweny E, Fernandez R, Beardsley H, Gnade B, Park S, 


Pearle MS, Cadeddu JA. In vitro comparison of prototype magnetic tool with conventional 
nitinol basket for ureteroscopic retrieval of stone fragments rendered paramagnetic with iron 
oxide microparticles. J Urol. 2012;188(2):648-52. 


. Tan YK, Best SL, Donnelly C, Olweny E, Kapur P, Mir SA, Gnade B, McLEroy S, Pearle MS, 


Cadeddu JA. Novel iron oxide microparticles used to render stone fragments paramagnetic: 
assessment of toxicity in a murine model. J Urol. 2012;188(5):1972-7. 


. Tan YK, Pearle MS, Cadeddu JA. Rendering stone fragments paramagnetic with iron-oxide 


microparticles to improve the efficiency of endoscopic stone fragment retrieval. Curr Opin 
Urol. 2012;22(2):144-7. 


. Lee DJ, Desai MM. Robotics. In: Monga M, editor. Ureteroscopy: indications & technique. 


New York: Springer Science & Business Media; 2013. Chapter 38. 


. Desai MM, Aron M, Gill IS, Pascal-Haber G, Ukimura O, Kaouk JH, Stahler G, Barbagli F, 


Carlson C, Moll F. Flexible robotic retrograde renoscopy: description of novel robotic device 
and preliminary laboratory experience. Urology. 2008;72(1):42-6. 


. Desai MM, Grover R, Aron M, Ganpule A, Joshi SS, Desai MR, Gill IS. Robotic flexible 


ureteroscopy for renal calculi: initial clinical experience. J Urol. 2011;186(2):563-8. 


. Canes D, Lehman AC, Farritor SM, Oleynikov D, Desai MM. The future of NOTES instru- 


mentation: flexible robotics and in vivo minirobots. J Endourol. 2009;23(5):787—92. 

Harper JD, Sorensen MD, Cunitz BW, Wang YN, Simon JC, Starr F, Paun M, Dunmire B, 
Liggitt HD, Evan AP, McAteer JA, His RS, Bailey MR. Focused ultrasound to expel calculi from 
the kidney: safety and efficacy of a clinical prototype device. J Urol. 2013;190(3):1090—5. 


216 S.R. Patel and S.Y. Nakada 


11. Connors BA, Evan AP, Blomgren PM, Hsi RS, Harper JD, Sorensen MD, Wang YN, Simon 
JC, Paun M, Starr F, Cunitz BW, Bailey MR, Lingeman JE. Comparison of tissue injury from 
focused ultrasonic propulsion of kidney stones versus shock wave lithotripsy. J Urol. 
2014;191(1):235-41. 

12. Sorensen MD, Bailey MR, Hsi RS, Cunitz BW, Simon JC, Wang YN, Dunmire BL, Paun M, 
Starr F, Lu W, Evan AP, Harper JD. Focused ultrasonic propulsion of kidney stones: review 
and update of preclinical technology. J Endourol. 2013;27(10):1183-6. 

13. Maxwell A, Kreider W, Cuntz B, Wang Y, His R, Lee F, Harper J, Bailey M. Evaluation of 
stone comminution and tissue injury in vivo using a novel method of lithotripsy without shock 
waves. J Urol. 2014;191(4):e946. 

14. Pearle MS, Goldfarb DS, Assimos DG, Curhan G, Denu-Ciocca CJ, Matlaga BR, Monga M, 
Penniston KL, Preminger GM, Turk TM, White JR. Medical management of kidney stones: 
AUA guideline. J Urol. 2014;19:316-24. Epub May 20, 2014. 

15. Penniston KL, Nakada SY. Development of an instrument to assess the health related quality 
of life of kidney stone formers. J Urol. 2013;189:921—30. 


Index 


A 
Antegrade ureteroscopy 
antegrade, modern use of, 129-130 
description of technique, 133-134 
equipment, 132 
follow-up, 134 
history, 127-129 
indications, 130-132 
patient positioning, 132-133 
postoperative management, 134 
Anticholinergic medications, 76—77 
As low as reasonably achievable (ALARA), 
34, 36 


Automatic tube current modulation (ATM), 31 


B 
Burst wave lithotripsy, 214 


C 
Calcium channel blockers (CCBs), 69, 72 
Computed tomography (CT), 24—25, 30 


D 
Digital tomosynthesis (DT), 31 
Distal ureteral stones 
shockwave lithotripsy and ureteroscopy, 
55-56 
treatment of, 53 
Distal ureteral stricture 
complications, 199—200 
post-operative imaging, 198—199 
pre-operative considerations, 195—196 


retrograde vs. antegrade ureteral access, 
196-197 
treatment of, 200—201 
ureteral balloon dilation, 197—198 
ureteral stricture formation, 199—200 
Dose area product (DAP), 33 


E 
Effective dose (ED), 33 
Electrohydraulic lithotripter (EHL), 160 


F 
Flexible ureteroscopy (F-URS) 
characteristics of, 109 
instrumentation 
disposable flexible ureteroscope, 
112-113 
newer generation digital flexible 
ureterorenoscopes, 110-112 
newer generation flexible 
ureterorenoscopes, 108-110 
older generation flexible 
ureterorenoscopes, 108 
procedural risks and potential 
complications 
bleeding, 119 
false passage, 118 
hemorrhage and transfusion, 
121-122 
instrumentation damage and durability, 
117-118 
modified Clavien system, 122-124 
pain and renal colic, 120 


@ Springer International Publishing Switzerland 2015 217 
S.R. Patel, S. Y. Nakada (eds.), Ureteral Stone Management: 
A Practical Approach, DOI 10.1007/978-3-319-08792-4 


218 


Flexible ureteroscopy (F-URS) (cont.) 

pyelonephritis, 119 

sepsis, 119 

steinstrasse, 120 

subcapsular hematoma, 122 

ureteral injuries, 118 

ureteral stenosis, 122 

ureteral stent discomfort/migration/ 

encrustation, 119—120, 121 
urinary tract infection, 119 
proximal ureter, access and reaching 

details regarding, 116—117 

irrigation, 116 

ureteral access sheath (UAS), 114—116 

ureteral cannulation, 113-114 
Fluoroscopy time (FT), 33 


H 
Hounsfield units (HU), 24, 43 


I 
Impacted ureteral stone 
approach, 190-192 
case report, 188-190 
definition of, 185 
KUB, 188-190 
percutaneous nephrolithotomy technique, 
187 
shockwave lithotripsy (SWL), 186 
stone size and stone location, 185-186 
ureteral strictures, 185 
ureteral wall, local inflammatory response, 
185 
ureteroscopy (URS), 186 
International Commission on Radiation 
Protection (ICRP), 34 
Intravenous urography, 23-24 


K 
Kidney, ureters and bladder (KUB), 21 


L 
Lithotripters 
ballistic/pneumatic lithotripsy, 161 
electrohydraulic lithotripter (EHL), 
160 
laser lithotripsy, 159-160 
types of, 159 
ultrasonic lithotripsy, 161 


Index 


M 
Magnetic resonance imaging (MRI), 25-26, 
32 
Medical expulsive therapy (MET) 
alpha blockers, 66-71 
anticholinergic medications, 76-77 
calcium channel blockers (CCBs), 69, 72 
cost of, 78 
non-steroidal anti-inflammatory drugs 
(NSAIDs), 72-74 
observation, 64—65 
patients, treatment choice, 77—78 
and pediatric population, 77 
side effects, 67-68 
steroids, 76 
treatment considerations for, 42—43 
ureteral contractility, physiology of, 65—66 
Mid-ureteral stones, 52-55 


N 
Native tissue harmonic imaging (NTHI), 23 
Non-steroidal anti-inflammatory drugs 
(NSAIDs), 72-74 

Nuclear medicine scans, 32 


P 
Patient, radiation exposure 
percutaneous nephrolithotomy, 33—34 
shock wave lithotripsy (SWL), 36 
ureteroscopy, 35 
Pediatrics, ureteral calculi, 57—58 
Percutaneous antegrade nephrolithotomy 
(PCNL), 180 
Percutaneous nephrolithotomy, 33-35, 127, 
128. See also Antegrade 
ureteroscopy 
Plain abdominal radiograph, 21-22, 31-32 
Pregnancy, ureteral calculi, 56-57 
Proximal ureteral stones 
shockwave lithotripsy and ureteroscopy, 
46-50 
treatment of, 49-50 


Q 
Quality of life, 214 


R 
Radiation exposure 
from diagnostic imaging 


Index 


computed tomography (CT), 30 
low dose CT, 30-31 
magnetic resonance imaging (MRI), 32 
nuclear medicine scans, 32 
plain abdominal radiographs, 31—32 
radiation reduction from, 32-33 
renal ultrasound, 32 
in operating room 
percutaneous nephrolithotomy, 33—35 
shock wave lithotripsy (SWL), 36-37 
ureteroscopy, 35-36 
Radiation reduction 
percutaneous nephrolithotomy, 34-35 
shock wave lithotripsy (SWL), 37 
ureteroscopy, 36 
Radiology imaging 
computed tomography (CT), 24-25 
intravenous urography, 23-24 
magnetic resonance imaging (MRI), 25-26 
plain abdominal radiograph, 21-22 
ultrasonography (US), 22-23 
Renal ultrasound, 32 
Retrograde pyelogram (RPG), 167, 196 
Robotic flexible ureteroscopy, 212-213 


S 

Semirigid ureteroscopy 
complications, 101—104 
indications for, 94—95 
outcomes, 100-101 
technique, 95—98 
tips and tricks of, 98-100 

Shock wave lithotripsy (SWL) 
adjunctive medical treatment, 86-87 
analgesia and anesthesia, 85-86 
body mass index, 44—45 
children, 90 
combination scores, 45 
complications of, 90-91 
contraindications of, 84 
for distal stones, 55—56 
intraoperative tools, 45 
localization of stone, 85 
medical expulsive therapy, 45—46 
newer devices, 46 
obesity, 90 
parameters influencing, 88—90 
preparation of, 84-85 
for proximal ureteral stones, 51—52 
shockwave lithotripsy, 45—46 
skin-to-stone distance, 44—45 
stone composition, 168 


219 


stone density, 43-44 
stone free rates, 87-88 
stone location, 168 
stone size, 44, 168-169 
ureteral stenting, 86 
vs. ureteroscopy, 46-50, 55-56 
Skin-to-stone distance (SSD), 24, 44 
Steroids, 76 
Stone burden, 47 
Stone fragments, ferromagnetic extraction of, 
211-212 
Stone free rates (SFR), 87, 88, 102-103 
Stone prevention, 214 
Surgeon, radiation exposure 
percutaneous nephrolithotomy, 34 
shock wave lithotripsy (SWL), 37 
ureteroscopy, 36 


T 
Third generation lithotriptors, 54 
Treatment tips and tricks. See Ureteral stones 


U 
UAS. See Ureteral access sheath (UAS) 
Ultrasonography (US), 22-23 
Ureteral access sheath (UAS), 114—116, 
155-157 
Ureteral balloon dilators, 198 
Ureteral calculi 
antegrade approach, 14-15 
antiseptic to aseptic surgery, 2-4 
for distal stones, 56 
endourology, 15 
extracorporeal shock wave lithotripsy, 
12-13 
history, 1 
intracorporeal lithotripsy, 13-14 
stone basketing, 8-11 
ureteroscopy, 11-12 
uroradiography, 4—8 
Ureteral cannulation, 113-114 
Ureteral stents 
cystoscope, 138-139 
methods of, 138 
placement of, 137-138 
post-operative management, 144 
problem, 140-144 
using fluoroscopy, 139-140 
Ureteral stone management, adjunctive 
equipment for 
antiretropulsion devices, 157—159 


220 


irrigation systems, 157 
lithotripters 
ballistic/pneumatic lithotripsy, 161 
electrohydraulic lithotripter (EHL), 160 
laser lithotripsy, 159-160 
ultrasonic lithotripsy, 161 
manipulation devices, 153-155 
ureteral access sheaths, 155-157 
ureteral dilation, 151-153 
ureteroscopes, 148 
ureteroscopy (URS), 147 
wires 
comparisons of, 150-151 
properties of, 149-150 
Ureteral stones 
complication rates, 104 
false passage, creation of, 205-206 
flexible ureteroscopy 
access, 178-179 
indication, 177-178 
laser or basket, 179-180 
general recommendations 
impacted ureteral stones, 174 
laser fail, 174—175 
medical expulsive therapy (MET), 175 
patient positioning, 172-173 
poor visualization, 172 
preventing proximal stone migration, 
174 
stone basketing, 173 
ureteral access, 170-172 


Index 


percutaneous antegrade nephrolithotomy 
(PCNL), 180 
semirigid ureteroscopy, 175-177 
shockwave lithotripsy 
stone characteristics, 168—169 
technical factors, 166—168 
treatment, 41—42 
ureteral abrasion, 205 
ureteral avulsion, 208 
ureteral bleeding, 203-204 
ureteral perforation, 206—207 
ureteral wall thermal injury, 204-205 
ureteroscopy, 180 
ureteroscopy, patient features, 169 
Ureteral stricture. See Distal ureteral 
stricture 
Ureteral wall injury, endoscopic classification 
of, 118 
Ureteroscopy (URS) 
impacted ureteral stone, 186 
for proximal ureteral stones, 52 
vs. shockwave lithotripsy, 46-50, 55-56 
treatment considerations, 46—47 
Ureterovseical junction (UVJ), 178, 179 
Urolithiasis 
dose range, 30 
ultrasonic propusion of, 213-214 


V 
Visceral fat area (VFA), 25 


